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PHYSICO-CHEMICAL  INVESTIGATION  OP  SYSTEMS 
CONTAINING  HALIDES  OF  IODINE  AND  HALIDES 
OF  OTHER  ELEMENTS 

X.  THE  SYSTEMS  IBr>KBr  AND  Ift-Allfi 

Ya.  A.  Fialkov  and  O.  I.  ShOf 


In  respect  of  physical  and  chemical  propenies  the  halides  of  iodine  lewmble  on  the  one  hand  free  halo* •• 
gens  —  a<  had  already  been  noted  by  D.  L  kier^leev  [1]  -  and  on  the  other  band  polar  salt-forming  halides.  • 

This  is  uue  of  iodine  chloride  and  iodine  bromide. 

These  iodine  halides  possess  very  low  polarity  in  the  free  state;  thus.  Luff  (3]  gives  the  dipole  noomeirt 
of  lO  as  0.5:  but  in  nonpolar  solvents  (CO^  and  cyclohexane)  it  rises  to  1.49  1*4'  (4^  The  dipole  itwmem 

of  IBr  in  bromine  solution  ••  is  equal  to  1.21  D  (LA.  Sheka  (5]).  In  the  lama  paper  Sheka  showed  that  the  char¬ 
acter  of  the  bond  in  iodine  bromide  changes  with  the  medium. 

Consequently,  there  are  grou^ckfot  isscirlng  that  ICI  and  IBr  can  behavt  Ui  chemical  reactions  not  only 
live  halogens  but  also  like  polar  halides.  Polarity  is  developed,  for  insunce.  when  lO  and  IBr  react  with  halides 
of  various  elements. 

The  results  of  the  investigations  described  in  previous  communication!  ibowed  that  complex  compounds 
of  ICI  and  IBr  with  halides  of  a  series  of  other  elements  vary  in  structure  in  dependence  on  the  polarity  and  stnie— 
lire  of  those  halides.  Thus,  the  complexes  of  PCI,  ox  PBr,  with  ICI  and  IBr  fiipcctively,  possess  a  structure  . 
pressed  by  the  general  fotrau’a  IPX4IIX,).  where  X  =  a  or  Br  (6.7J.  SimiUr  complex  amons  are  characteristic: 
of  complexes  of  the  KX*  DC  type  (8.  9.  lOJ. 

Whereas  iodine  is  the  cation  in  products  of  addition  of  icd me  chloride  to  SbCl,  or  SbCl,(SbCl,*2ICl  and 
SbCl,*  3IC1  or  SbCl,'  SKI  and  SbCl,-4ICl).  ar^tlmony  and  chlorine  enter  into  the  composition  of  the  complex 
anion  [llj.  Aiulogous  conclusions  can  be  arrived  at  in  respect  of  complex  compounds  of  ICI  with  aluminum 
chloride;  the  structure  IfAlCl,  ]  is  attributed  to  the  simplest  of  these.  ICI*  AlCl,  by  Fialkov.  and  Kaganskaya  (8] 
and  by  Shot  pO]. 

In  view  of  the  results  of  these  mvestigarsons,  it  was  a  matter  of  great  interest  to  continue  them  In  the  dir¬ 
ection  of  reaction  of  iodine  chloride  and  iodine  bromide  both  with  the  highly  polar  potassium  halides  and  with  the 
nonpolar  aluminum  chloride  and  bromide.  Among  systems  of  this  type  the  lyitems  Id-KCl  and  ICl-AlO,  have  been 
studied  in  fair  detail  (8.  10,  12]  in  the  absence  of  an  organic  solvent  and  in  nitrobenzene  solutions.  The  analogous 
systems  IBr-KBr  and  IBr-AlBr,  have  been  studied  chiefly  in  mtrobenzene  13).  by  the  methods  of  electric  conductivity 
measurement,  cryoscopy  and  ion  transfer  where  a  great  similarity  was  revealed  to  the  properties  of  both  groups  of 
systems  (with  chlorides  or  bromides). 

Evidence  of  formation  of  complexes  in  the  systems  KX-DC-C,l%NOk  (where  X  =  O  or  ft)  is  provided  by  the 
following  facts:  a)  Pottssium  halides  are  insohible  in  mtrobenzene  bat  dissolve  in  it  in  presence  of  ICI  or  IBs:  the 
solutions  are  good  electric  conductors,  the  conductivity  of  the  system  Kft-Ift*C*H,NC,  being  of  the  same  order 
(10"*ohm”*cm“*)  as  that  of  the  system  KCl-ICl-C,l%NC!i  but  slightly  lower;  b)  when  KCl  or  Kft  dissolves  in  nitro¬ 
benzene  solutions  of  Id  or  Ift,  the  freezing  point  depression  is  not  only  not  increased  bat  Is  even  decreased.  This 
signifies  that  the  complexes  formed  in  these  sys^ms  undergo  association;  tbii  effect  U  particularly  marked  in  sys¬ 
tems  containing  bromides. 


•  The  literature  on  this  problem  was  disenssed  in  the  first  paper  pj, 

••  Iodine  bromide  does  not  form  a  compound  witii  btoraire. 
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Ion  transfer  studies  showed  that  potassium  migrates  to  the  cathode,  while  iodine  aoj  .  -iOrinc  or  iodtne 
and  bromine  —  in  the  form  of  a  complex  anion  —  move  to  the  anode.  On  the  basis  of  the  qi-aavtixe  character* 
istics  of  these  processes,  the  formula  K[IX,1  can  be  attributed  to  these  complexes  [3].  Complexes  of  this  com¬ 
position  KlClj  and  KIBr,.  were  obtained  in  an  investigation  of  the  system  KCl-lCl  by  the  solubility  method  [13] 
and  by  a  preparauve  method  [14], 

The  electric  conductivity  of  tiie  binary  systems  KCl'ICl  and  AlCl^-ICl  is  somewhat  higher  dian  that  of 
these  s>‘stems  dissolved  in  nitrobenzene  when  the  molar  ratio  is  the  same.  A  definite  effect  on  the  electric  con¬ 
ductivity  of  nitrobenzene  solutions  of  these  systems  is  possibly  exercised  by  the  association  of  the  resultant  com¬ 
plexes. 

Data  from  electric  conductivity  measurements,  cryoscop’c  examination  and  study  of  ion  transfer  demon¬ 
strate  the  formation  of  complexes  in  the  systems  D(-AlXj-C*l%NP|. 

Only  cne  complex.  2101*  AlClj.  is  revealed  on  the  melting  digram  of  the  system  IC1-A1C1|  (10).  Bear¬ 
ing  m  mind  however,  the  instability  of  this  complex  and  the  phenomena  observed  during  a  study  of  the  System 
ICl-SbCl,  (111  i<  i»  impassible  to  exclude  the  possibility  of  existence  of  ICl*  AlCl,  in  the  liquid  pliase  and  in 
nitrobenzene  solutions,  due  to  partial  dissociation:  products  of  more  complicated  structure  may  also  be  formed 
due.  for  example,  to  further  solvation  wi:h  icdine  chloride. 

A  study  of  ion  transf*r.  of  great  interest  for  the  clarificaticn  of  this  problem,  showed  that  the  systems 
ICl-AlCli  and  lCl-AlCl,<,H,Np,  exhibit  some  differences  in  »his  connection:  Migration  of  Iodine  to  the  cath¬ 
ode  IS  observed  in  the  fust  of  these  systems,  while  aluminum  and  chlorine  migrate  to  the  anode  [10];  In  a  nitro¬ 
benzene  solution  of  ICI-AICI).  however,  the  anolyte  was  found  to  have  a  higher  content  of  aluminum  and  c*  *• 
ine  as  well  as  of  iodine  [S]:  The  Influence  of  the  solvent  on  the  process  of  electrolysis  of  this  and  of  analog 
systems  is  discussed  in  the  next  communication. 

For  the  purpose  of  elucidation  of  the  composition  and  nature  of  the  complexes  formed  by  reaction  of 
iodine  halides  with  potassium  or  aluminum  halides,  it  was  also  imporunt  to  compare  similar  systems  contain¬ 
ing  ICl  and  chlorides  or  IBr  and  bromides  of  these  meuls. 

Systems  of  this  type,  however,  containing  iodine  bromide,  have  hitherto  been  inadequately  investigated. 

The  elecuic  conductivity  of  solutions  of  KBr  in  liquid  IBr  has  been  measured  at  45*  and  55*  (21  It  was  of  th® 
same  order  (10"*ohm**cm’‘)  as  the  electric  conductivity  of  the  system  KC1*1C1  (but  slightly  higher)  at  the  tame 
temperature  [10)».  although  the  electric  conductivity  of  iCl  itself  at  45*  is  nearly  ten  times  higher  than  that  of 
IBr  at  45*.  The  electric  conductivity  of  both  systems  increases  with  rising  concentration  of  KCl  or  KBr, 

The  electric  conductivity  isotherms  of  the  systems  IBr-AlBrj  (2)  and  ICl-AlCl)  [10]  exhibit  the  same  de¬ 
pendence  on  concentration  with  a  maximum  in  the  region  of  approximately  10-12  mole  ^  A1X|.  The  first  of 
these  systems  conducts  cunert  more  weakly  (conductivity  at  45*  is  approximate V  10“*“10”*ohra'"*cm**)  than 
the  second  (10**ohra'*cra'*). 

The  viscosity  of  the  system  IBr-AlBTj  has  also  been  measured  at  100*  (21  !t  was  necessary  to  perform 
measurements  at  such  a  relatively  high  temperature  in  order  to  cover  the  whole  region  of  concentrations  from 
0  to  100^ 

Th®  ^^osity  isotherm  has  a  maximum  at  a  concentration  of  about  54  mole  ^  AlBr*.  very  close  to  the 
maximum  on  the  molecular  elcctroconductivity  curve  (at  100").  calculated  on  as  the  electrolyte  [21  Con¬ 
sequently.  the  viscosity  measurements  at  100*  have  established  the  existence  of  a  complex  with  an  equimolar 
composition. 

On  the  basis  of  these  facts  we  can  assume  that  at  lower  temperatures  complexes  of  more  complicated  compo¬ 
sition  might  be  formed.  With  the  aim  of  confirming  tiiis  conjecture,  it  was  decided  to  perform  the  thermal  analysis 
of  the  system  IBr-AlBr|. 

Furthermore,  the  transfer  of  ions  in  the  systems  IBr-AlBr,  and  IBr-KBr  was  studied  with  the  objective  of 
clarifying  die  problems  discussed  above. 

Due  to  the  relative  low  solubility  of  KBr  in  iodine  iHomide,  measurements  could  only  be  performed  up  to  con¬ 
centrations  of  approximately  8  mole  KBr. 

••See  Table  2  for  results  of  thermal  analysis  of  this  system. 


experimental 

The  preparation  and  piriHcatioo  of  tie  ziaierlals  and  the  methods  of  investigatioc  ha»e  been  described 
in  the  previous  communicatioa);. 

1.  System  IBr-KBr.  Eiectrolvsis  and  Transfer  »f  Iocs. 

As  was  pointed  out  above,  the  limited  sciiility  of  KBr  in  fnsed  iBr  necessitated  prepatec^cn  far  t’-me 
experiments  of  melts  conuining  only  8.4-S.7  =»le  ^  KBr.  Dcctrolysis  was  carried  out  in  a  T>sbaped  ves¬ 
sel  with  platinum  electrodes  in  a  water  thermostat  at  4i>'45*.  The  current  strength  was  appfoiimatsly  44  re/— 
Duration  of  an  experiment  3-4  hours.  A  dari-giey  iodine  precipitate  was  observed  to  form  at  die  cathode.  A*ter 
the  cathode  had  been  washed  with  anhydrous  ether.  — lere  remained  a  crumbly  precipitate  :eaail>  soluble  in  waier 
to  form  a  solution  widi  a  strongly  alkaline  react jg  containing  ions  of  potassium  and  bromine.  A  similar  pben- 
omenon  was  observed  in  the  electrolysis  of  the  syitem  JQ-KCl  [10J» 

Ion  transfer  experiments  were  performed  m  a  vessel  with  platinum  electrodes.  Coneat  strength  10-12  mA; 
duration  of  experiments  22-26  hours  at  4X5*  {m  a  water  thermostat).  At  the  close  of  the  experiments  the  Isquid 
from  each  compartment  of  the  vessel  was  poured  inuj  weighed  flasks  fitted  with  ground-glass  ssoppen. 

In  order  to  avoid  loss  of  iodine  and  bsomme  during  treatment  of  the  electrolyte  with  a  saturated  aqueous 
solution  of  SOji  due  to  the  resultant  stror-gly  exorhermx  reaction,  the  weigned  liquids  were  dissolved  sc  oitro- 
benzene,  after  which  the  SO|  solution  was  isrodcxed.  The  analytical  pmeedu^e  was  as  for  the  system  ICl'^OQ 
except  that  the  iodine  was  determined  to  presence  of  bromine  by  a  modified  Winkler  method 

The  experimental  data  for  ionic  transfer  are  presented  in  Table  1  which  shows  that  the  potasssum  content 
increases  in  the  cathodic  section  and  the  bromune  content  ir  'he  anodic  sectioa.  The  iodine  content  increases  so 
the  catholyte  but  to  a  relatively  small  exterc. 


TABLE  1 

Ion  Transfer  in  the  System  IBr— KBr 


No. 

of 

Expt.  1 

Comp,  of 
test  solution 
(in  mole  ^ 
i  KBr) 

i 

Amount  of 

copper  sep¬ 
arated  in 
coulometer 
■  (in  «) 

1  Substance 
{being 
determined 

•  Solution  after  electrolysis  1 

Ttansfci 

No 

No.  of 
transferred 
milU- 
equivalents 

'  Cathode  section 

A'^si®  tection  I 

!  1 

Required;  Found 

(8)  1  (6) 

j 

Required  ■  Found 
(8)  '  (8)  ! 

■ 

Anolyte 

K 

0.2147 

•'  1 

0.3111  1 

I 

0.1714  0.0748' 

0.43 

0.43 

2  47 

1 

1  9.70  1 

1  0.1842 

1  1 

,6  4720 

•6.5943 

5.1664  .5.04191 

o.n 

o.n 

0.96 

1 

1  1 
1 

[ 

i 

i  Bt 

.4.5154 

'3  8142 

‘  3  6045  .4  2997! 

( 

1  51  1 

1 

1.50 

8.69 

1  1 

K 

0  1911 

0  2907 

:  0  1(>80  0.C683 

04£ 

:o  42 

2.55 

2 

8.41 

0  1965 

I  ' 

6.6318 

6.8203 

5  8^35  5  7313 

0.18 

IC.18 

1.09 

i 

Br 

4  6008 

3.8721 

4  0414  4.7592 

1.48 

|l.46  i 

i  8.91 

I  I 

When  analyzing  these  data  we  must  remember  tiiat  the  investigated  system  IBr-K9r  contained  a  comidetable 
excess  of  IBr  (j'JSt  as  the  system  ICl-KCl  corta_-ed  a  cotisider<*.ble  excess  of  ICl).  Electrolysu  of  the  complex  formed 
in  the  system  IBr— KBr  is  therefore  accompa'  jed  b>  electrolysis  of  lodire  bromide.  According  to  riie  literature  [16). 
during  electrolysis  of  lodiiie  bromidn  brcmi'.e  r*  deposited  at  the  silver  anode  and  iodine  at  the  cathode. 

It  we  assume  that  the  same  complex  (K;3"f)  is  fonned  ir.  the  system  IBr— KBr  as  *res  obtained  from  a  solution 
of  KBr  in  fused  IBr.  then  sre  must  corxlodc  that  toe  increase  in  iodine  content  of  the  camolyte  substantiaUp  repre¬ 
sents  the  difference  between  the  amountsof  xsd.ne  transferred  to  the  catrx/lyte  durmg  electrolysis  of  Ift  and  to  the 
anolyte  during  electrolysis  of  the  KIBr*  complex 

If  we  also  apply  the  considerations  wmec  were  expounded  in  the  communication  dealing  with  the  system 
ICl-KCl  [10).  then  we  may  conclude  Cut  rr  sjixms  of  the  composition  which  we  have  investigated  rise  electroly¬ 
sis  of  each  mole  of  KlBt^  i*  accompanied  by  electrolysis  of  approximately  2  moles  iodine  bromide. 


An  explanation  cf  this  phenomenon  is  grven  in  a  previous  commuracation  [lOJ 
•  Tlic  same  procedure  was  followed  in  the  cr.estiganon  of  the  system  IBr-AlBr,. 


Tte  same  difficulties  were  encountered  in  determinatioa  of  the  crysullization  temperatures  of  this  system 
the  investigation  of  the  system  IQ-AlO^  Visual  observations  of  the  ciysuUization  temperatures  of  solutions 

lination  of  temperature  arrestt  only  in  the  concentration  region  up 
to  12  mole  ^  AlBr^  Further  rise  in  the  AlBr^  concentration  resulted 
in  strongly  undercooled  solut.ons  which  at  room  temperature  took 
the  form  of  a  highly  mobile  liquid:  these  solutions  did  not  crystal* 
lize  even  when  cooled  in  solid  carbon  dioxide:  in  these  conditions 
they  formed  a  viscous.  :opy  lic.id.  These  phenomena  were  observed 
ic  the  concertrauon  range  of  12  to  40  mole  ^  AlBr^.  Melts  con* 
taimng  over  40  mole  ^  AlBr^  crysullized  on  cooling,  but  with  very 
small  thermal  effects  whKh  could  not  easily  be  detected  with  the 
help  of  a  tnermometes. 

These  d.fficulnes  could  only  be  overcome  by  util4Zing  the 
autorecordtrg  appararus  of  N  S  Komakov.  With  the  help  of  an 
autonutic  pooroieco'dei  and  a  simple,  differential  thermocouple 
•t  wi'  possible  to  e^tabi.sh  tr.e  melnr^  and  crystalliaation  points 
for  the  coriccnTra»xop  targe  of  44  to  87  mole  ^  AlBt}.  The  results 
of  thermal  analysis  obtajied  visually  -nd  w;th  t'.e  pr^toiecorder  are  peexoted  in  Table  2  and  in  the  diagram. 

The  region  of  strong  undercooUng  n  irdtcated  ir  the  dia- 
gram  by  vhe  broken  Ikc  this  starts  near  the  first  eutectic  (about 

12  mole  ^  Al6r|.  m.p  18*).  The  second  eu’ectjc  (m.p.  78*)  con-  “  o — °  ^  ^ 

tains  54.6  male  ^  a1BT|.  while  tl.e  divtcctic  w*th  m  p.  85*  cor-  tC  *  ^ 

responds  to  a  content  of  5i  mole  ^  Al6r|.  which  confirms  tne  4  /  hi 

formation  of  a  compound  of  equimolar  composition.  ^  ^ 


Mole  ^  j  Temp. 
Al9r«  '  arrests 


Mole  ^  j  Temp. 
AlBr.  arrests 


ixperanents  were  perfo'med  v*!th  solutions  conr*-.  25-27  mole  ^  AlBr^.  Du»atiori  of  esperi 
tr.  a  current  -trer-gm  of  nearly  2  mA. 

c:  Thu  »vt€m  mcT  w  th  the  >#me  difficulties  is  r>s»em  KTl— AlClj-  fairly  nigh  meitng 

“yitem  ibr—AlErj  at  co"-cer.txatioT*s  close  to  tne  eq*^ivalcnt  composition,  high  viscosity  of 
the  undcrcoolcd  so.yions.  excels  of  iodine  brom-de  in  solutio*:,  low  vabilrty  of  the  IBr*  AlBr|  complex,  etc.  The 
results  of  t^!Cie  c»per  ment^  (Tahie  3)  ■■hewed  trut  iOdiOe  is  transferred  to  tee  cathode  and  aluminum  and  bromine 
(in  ire  form  of  a  complex  to  the  arode. 

Eval^tior-  of  Results.  ‘P'c  results  of  r-vestigation  of  the  system'  IQ-KCl  and  IBr-KBr  demoiistrate  their 
great  similarity,  in  beth  o!  mese  synems  and  ir.  niocberzene  soijt:o--i  a  complex  of  the  same  type  is  formed: 
KI1X|]  where  X  =  Cl  o:  Sr.  Tre  abo-e-noted  d  ^♦erer<e  between  the  electric  cor.ducuvities  of  these  systems  is 
probably  due  to  the  d  JfeTi.''g  srabilitxs  of  thx  KiCk  and  KIBr.  comDle>es 


meets  -40-50  he 


TABLE  3 

Ion  Transfer  In  the  System  Br-AlBr, 


i  Mole 


Amount  of 
copper  sep¬ 
arated  in  the 
coulometer 

iigja _ 

0.0800 


i  0.0972 


T - 

:  Substance 

j  Solution  after  electrolysis 

Transfer  number 

Number  of 

•  determined 

Cathodic 

portion  !  Anodic  por 

Uon 

Anodic 

transferred 

milligram- 

i 

Calculated  Found  ,  Calculated, 

- U1 _ to  !  ffli  ! 

Found  1 

(a^  ‘ 

portion; 

atoms 

1 

A1 

i  0.6192 

0.6113’  0.3243 

0.3321  0.12 

0.12  ; 

0.29 

8.5765 

R.7192  4.4924 

4.3476!  0.45 

0.45  I 

1.12 

10.9066 

.10.670l‘  5.7129 

5.9510|  1.17  i 

1.18 

2.28 

;ai 

0.6839 

0.67«2‘  0*6172 

0.6270’!  0.12  ! 

0.12  1 

0.36 

I 

5.4453 

1  5.5732.  4.9167 

4.7880  :  0.33  j 

0.33  1 

1.01 

:0t 

a5083 

1  9.2188;  8.58C0 

8.8631 !  1.1S  ! 

i  i 

1,16 

3.54 

fereot  from  that  of  a  nitrobenzene  solution  of  a-KBr  (the  Hrst  system  has  a  tatber  bener  conductivity)  might  be 
accounted  for  by  the  KIBti  complex  in  nitrobenzent  saluuon  being  mwe  assoc Uted  than  the  KIC1|. 

An  equimolar  complex.  IBr  •  AlBr^  appears  to  exist  in  the  system  IBr—AlBrj,  judging  by  the  data  of  thermal 
analysis  and  by  viscosity  measurements,  whereas  a  complex  of  the  composition  2IC1’  A1C1|  is  found  in  die  system 
ICl  •  AtCl|  judging  by  the  data  of  thermal  analysis.  The  difference  may  be  due  to  the  circumstance  that  iodine 
chloride  in  the  fused  state  (and  also  hi  some  nonaqueous  solvents)  is  assocuted  into  dimeric  molecules  which  are 
apparently  in  equilibrium  with  the  nwrximer.  The  dimer  dissociates  into  ions  according  to  the  scheme  I|C1| 

—  I*  ♦  ICIJ.  We  may,  consequently,  represent  the  reaction  of  cornplex  formation  with  iodine  chloride  in  the 
form:  Ifia,)  ♦  AlCl,  I^AICI,-  ICl,)’. 

As  already  noted,  complexes  of  such  a  compoution  may  undergo  stepwise  dissociation:  2IX*  AlXj  »=»  DC* 

•  A1C|  ♦  DC.  tidepcrJcntly  of  Jiis  difference  in  composition,  the  complexes  identified  by  physicochemical  analysis 
of  the  systems  IC1’~A1C1}  and  lBr~AlBr)  are  identical  in  electrochemical  behavior,  as  shown  by  measurements  of 
electric  conductivity,  by  electrolysis  and  by  ion  transfer  dau:  the  cation  of  these  complexes  u  iodine,  white  al¬ 
uminum  and  chlorine  (or  bromine)  enter  into  the  composition  of  the  complex  anion. 

SUMMARY 

1.  The  processes  of  electrolysis  end  ion  transfer  in  the  systems  IBr-kBr  and  IBr— AlBrj  have  been  studied.  It 
isshown  that  in  respect  of  the  character  of  the  complexes  formed  in  these  systems,  the  latter  arc  very  similar  to  the 
analogous  systems  comprising  iodine  chloride  and  potassium  and  aluminium  chlorides. 

2.  A  complex  of  equimolar  composition  was  identified  in  the  system  IBr— AlBij  by  the  method  of  thermal 
analysis. 

3.  The  properties  of  the  systems  ICl— KCl  and  IBr^Br.  ICl— AlClj  and  IBr— AlBr,  are  compared. 
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THE  STRUCTURES  AND  NATURE  OF  THE  COMPLEX 
COMPOUNDS  FORMED  ET  REACTION  OF  IODINE 
HALIDES  WITH  POTASSIUM  OR  ALUMINUM  HALIDES* 


T*.  A.  Fialkov  and  O.  I.  Shot 

In  previous  communications  devoted  to  the  physicochemical  study  of  the  systems  DC-KX  and  DC’-AU^ 

(X  *  Cl  or  Br)  and  of  the  same  systems  in  nitrobenzene  solutions  £1*63,  exiKfiiijental  data  were  put  forward  which 
demonstrated  the  formation  of  complex  compounds  of  the  type  of  KX*  IX.  A1X|*  IX  and  A1X|*  2IX.  b  the  ftiTve 
^*****^^*  Fialkov,  K.  Ya.  Kagaiukaya  and  O.L  Shot  discussed  the  nature  and  structure  of  complex  com* 

pounds  of  this  type. 

In  the  present  communication  we  give  mere  detailed  consideration  to  this  problem,  mainly  on  the  basis 
of  results  of  a  study  of  electrolysis  and  ion  transfer. 

As  a  prelimLnary  we  must  generalize  on  certain  experimental  dau  bearing  on  the  electrochemical  prop¬ 
erties  of  the  systems  in  question  and  of  the  complex  compounds  formed. 

a)  We  must  point  out  in  the  first  place  that  compounds  formed  in  systems  ccnsisting  of  iodine  halides  and 
potassium  or  aluminium  halides  are  fauly  good  electrolytes:  the  specific  electric  conductivity  of  these  systems  is 
of  the  order  of  10**  to  10'*ohra"*cm‘‘. 

b)  As  was  shown  by  a  study  of  nitrobenzene  solutions  of  these  systems  by  the  cryoscopic  method,  complexes 
of  iodine  halides  with  potassium  or  aluminum  halides  are  capable  of  assocution  in  these  solutions. 

c)  Data  for  electrolysis*  of  systems  confuting  of  potassium  halides  and  iodine  halides  point  to  the  conclu¬ 
sion  that  the  products  of  electrolysis  at  the  cathode  are  potassium  and  a  small  amount  of  iodine  formed  by  elec¬ 
trolysis  of  the  excess  of  iodine  halides,  while  at  the'anode  there  is  chlorme  (or  bromine).  In  the  case,  however,  of 
electrolysis  of  nitrobenzene  solutions  of  these  systems,  potassium  accumulates  in  the  catholyte  and  iodine  and  chlor¬ 
ine  (or  bromine)  in  the  anolyte. 

d)  In  the  electrolysu  of  systems  containing  iodine  halides  and  aluminum  halides,  iodine  goes  into  the 

catholyte  ard  aluminum  and  chlorine  (or  bromine)  into  the  irdyte  m  the  form  ot  the  complex  anion.  On  electro¬ 
lysis  of  the  nitrobenzene  solutioiu  of  todme  halides  and  aluminum  halides,  however,  the  anolyte  acquires  an  in¬ 
creased  content  of  alumip  urn  as  well  as  of  both  balogeniw  * 

Compatison  and  elucidation  of  the  quantitative  results  on  ion  traiufer  in  the  mvestigated  systems  arc  facili¬ 
tated  by  the  tables  below  in  which  the  ni.inbe:s  of  urns  trarjlerred  in  each  experiment  arc  expressed  in  g-atoms  per 
g*atom  potassium  (in  systems  containing  potassium  halides)  and  per  g*atom  of  aluminum  (in  systems  containing 
aluminum  halides)  (Tables  1  and  2). 

Before  proceeding  to  consider  these  quantitative  data,  attention  must  be  drawn  to  the  diffculties  associated 
With  a  study  of  these  systems  by  the  ion  transfer  method.  Chief  among  the>c  difficulties  is  the  electrolysis— side  by 
side  with  the  electrolysis  of  the  complex  nwlecules  formed  in  these  systems -oi  the  excess  of  the  iodine  halides***; 
this  seriously  complicates  the  interpretation  of  the  quantitative  results,  since  in  the  chemical  analysis  of  the  catholyte 
aixl  anolyte  -after  electrolysis  -we  naturally  fmd  only  the  difference  la  the  amount  of  iodine  or  other  ions  if  they 
are  simultaneously  transfened  to  the  catholyte  and  aiolyte.  Moreover,  it  was  necessary  to  Uke  into  account  the  side 
reactions  which  were  observed  during  the  e’cctroiysu  of  nitrobenzene  solutions  of  the  systems  IX*^OC  and  IXtA1X|  and 
the  resultant  difference  in  behavior  of  iodine  in  systems  conuming  a  solvent  and  those  not  containing  one, 

•  Communication  Xi  m  the  series  on  physicochemical  investigatio't  of  systems  containing  iodine  halides  and  halides 
of  other  elements. 

••  Reference  is  here  made  also  to  resulB  of  a  study  of  ion  transfer  in  these  and  the  following  systems. 

•••  For  investigation  of  the  binary  systems  t  was  necessary  to  use  exess  of  lodire  chloride  or  iodine  bromide  conse- 
quera  upon:  1)  the  relatively  low  solubility  of  poussium  halides  i^*  fused  Cl  or  IBr:  2)  the  high  melting  point  of  the 
systems  IX-AIX,  when  the  content  of  Aid,  or  AlBr,  was  close  to  50  mole  ^  or  higher. 
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Numbers  of  Ions  (in  g-atoms)  Transferred  In  Experiments  with  tiie  Sy:temt  Iodine  Halidet-Rotatsium  Halides 
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Numbers  of  lorn  (in  g-atoms)  Ttansferred  in  Experiroenu  with  the  Systems  iodine  Halides-Alumir  urn  Halides 
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1.  Systems  of  Iodine  Halides-Potassium  Halides 


Experimental  results  on  ton  transfer  in  systems  containing  iodine  halides  and  potassium  halides  (Table  1)  per¬ 
mit  the  following  conclusions  to  be  drawn: 

a)  In  iodine  halide-potassium  halide  systems  the  iodine  content  increases  in  the  catholyte.  although  to  a  rela¬ 
tively  shght  extent  (less  than  1  g-atom  per  g-atom  of  potassium  transfened  during  the  experiment),  and  conespondingly 
decrea«es  in  the  anolyte.  In  nitrobenzene  solution,  however,  the  opposite  was  the  case  the  iodine  content  increased 
in  the  anodic  portion  of  the  solution. 

b)  On  comparmg  the  number  of  equivalents  (or  g-atoms)  of  chlorine  or  bromine  required  for  1  equivalent  of 
poussium.  we  can  infer  that  in  nitrobenzene  solutions  the  composition  of  the  complex  compound  is  evidently  simpler 
because  m  the  solvent-containing  system  less  bromine  is  requued  per  equivalent  of  potassium  (from  2.1  to  2.2  equisa- 
lents)  than  in  a  solvent-free  system  where  for  each  equivalent  of  potassium  traroferred  to  the  catholyte  we  find  3.5 
equivalents  of  bromine  transferred  to  the  anolyte.  A  similar  conclusion  can  be  reached  by  comparing  the  trarufei  num¬ 
bers  for  potassium  ar<d  bromine  ions  as  determined  from  duect  analytical  data  (Table  3). 

TA  BLE  3  Xhe  fact  that 

Transfer  Numbers  of  Ions  in  the  Systems  Potassium  Halides-  iodine  Halides*  m  experiments  with 

jsystera  ICl-KO  (5J  ^  System  IBr-KBr  [6]  System  IBr-KBr-C,H.NO,  (41  ***  systems  KTl-KCl 

_ Experiment  1  Experiment  2  .  Experiment  ij  Experiment  2  Experiment  1  Experiment  2  transfer  number  s 

K  0.29  :  0.31  0.43  ;  0.42  ;  0.59  ;  0.51  close  to  unity.  whiU 

I  0.19  ’  0.25  0  17  j  0.18  0.69  0.69  for  bromine  it  u  eve  ’ 

Cl  or  Br  ;  1.00  j  0.91  1.50  1.47  1.31  j  1.04  higher  than  unity,  sug- 

'  gests  that  bromine  or 

chlorine  are  transferred  to  the  anolyte  in  the  form  of  a  complex  ion  whose  composition  in  the  systems  IX”KX  is  evjdertly 
more  intricate  tiun  in  the  systems  IX-KX-nitrobenzenc. 

c)  The  ratio  of  the  amounts  of  iodine  and  bromine  transferred  to  the  anolyte  in  one  and  the  samt.  experiment 
in  a  nitrobenzene  solution  of  lBr~K3r  fluctuates  between  1*  1.5  and  1: 1.8.  These  data  egree  in  part  with  those  of  ex¬ 
periment  3  for  the  system  ICl^Cl-nitrobenzene  (3).  where  the  ratio  o!  iodine  and  chlorine  traruferred  to  the  anolyte 
was  1:2.3.  On  this  barj  we  may  suggest  that  nitrobenzene  solutions  of  the  system  IX— KX  conuin  a  complex  anion  with 

Tables  3  and  4  present  the  mean  values  of  transfer  numbers  calculated  on  the  basis  of  analyses  of  the  cathodic  and 
anodic  liquids. 


the  composition  IX|.  Le.  ICli  and  lBr|. 

The  tesulti  of  our  Invenlfition  ite  coniequenOy  ta  (oU  accord  «iih  a*  htcatuie  dau  aid  Indicate  that 
the  complexes  formed  in  the  systems  IX“KX  contaio  potassium  as  cation  (in  presence  of  rtitroheozene  it  is  ^ssihly 
solvated)  and  iodine  and  chlorine  or  iodine  and  bromine  in  the  anion. 

A  more  detailed  characterization  of  the  investigated  systems  on  the  basis  of  results  of  a  study  of  ion  trans* 
fer  necessitates  knowledge  of  the  ionic  mobility  or  exact  values  of  the  transfer  numbers.  The  mobility  of  the  ions 
present  in  our  investigated  systems  has  not  been  studied.  Greenwood  and  Emeleus  [7)  utilized  the  data  of  Fialkov 
and  KagansihSya  [3].  according  to  which  the  transfer  number  of  IClj  in  the  system  ICl~KCl*nitrobenzene  can  be  as¬ 
sumed  to  be  equal  to  0.504*  (which  is  very  close  to  ibe  transfer  number  of  Cl*  ions  in  aqueous  solutions).  They  cal* 
culated  the  mobility  of  ^1|  Ions  horn  the  magnitude  of  the  mobility  of  Cl"  in  water  and  from  the  ratio  of  the  vis- 
costties  of  water  and  nitre'" “nzene.  The  mobility  of  potassium  ions  might  also  be  calculated  by  this  method,  but 
such  calculations  of  ionic  mobilities  are  purely  arbitrary. 

Concerning  the  transfer  numbers  set  out  in  Tables  3  and  4.  they  fail  to  give  full  ex^ession  to  die  struc* 
ture  of  the  complexes  formed  in  these  systems  for  the  following  reasons: 

a)  In  the  course  of  ion  transfer  experiments  not  only  is  the  complex  electrolyzed  but  also  the  excess  of 
iodine  chloride  or  bromide  present  in  the  investigated  systems. 

b)  The  behavior  of  iodine  in  the  binary  systems  is  different  from  that  in  their  nitrobenzene  solutions:  in 
the  latter  die  iodine  liberated  at  the  cathode  by  discharge  of  1*^  ions  is  subsequently  transferred  to  the  anolyte  due 
to  side  reactions  [81. 

TABLE  4 

L'n  Transfer  bkimbers  in  Systems  of  Aluroin  um  H2lides*k>dir.e  Halides 


macaaiiaM 


System  IBr— AlBr.-C»H 


Exceriinent  3  Expt  4 


System  ICl-AlCl,  [5 


Experiment  1 


A1 .  .  .  . 

1  .  .  .  . 

Cl  or  2r. 

Nevertheless,  on  the  basis  of  our  experimental  data  it  is  possible  to  establish  the  composition  of  the  complex 
and  to  give  an  approximate  quantiutive  characterization  of  the  reactions  taking  place  during  electrolysis  of  the  in¬ 
vestigated  systems  if  we  compare  the  transfer  numbers  or  numbers  of  equivalents  (or  g-atoms)  of  ions  which  are  trans¬ 
ferred  in  the  course  of  the  elecuolysis.  The  lack  of  data  for  mobility  of  ions  compels  us  to  perform  the  evaluation  on 
the  basis  of  whether  or  not  the  mobilities  of  the  ions  in  the  investigated  systems  are  equaL 

As  we  know  the  mobilities  of  K*.  Cl".  Br’  and  f  ions  in  aquecus  solutions  are  very  sunilar:  it  is  permissible 
to  assume  that  they  will  not  differ  appreciably  also  in  the  systems  under  investigauon.  Here  we  may  also  remark  that 
Greenwood  and  Emeleus  p)  assume  that  the  mobilities  of  I*  and  ICl^  ions  are  »he  same. 

Let  us  apply  such  considerauons  to  the  system  ICl-KCl  as  an  example.  In  order  to  obuin  an  approximate 
idea  of  the  state  of  this  sytem  in  the  course  of  electrolysis,  we  must  start  from  the  assumption  that  ion  transfer  in  diat 
system  u  the  result  of  electrolysis  of  the  complex  compound  formed  in  the  system  and  of  electrolysis  of  the  excess  of 
iodine  chloride;  furthermore,  we  shall  assume  that  the  mobiliues  of  the  ions  in  these  systems  are  identical. 

If  wc  assume  on  the  basis  of  preparative  studies  that  the  composiuon  of  this  complex  compound  is  represented 
by  the  formula  KICl*.  then  the  electrolysis  of  one  mole  of  such  a  compound  causes  one  equivalent  of  potassium  to  go 
into  the  catholyte  and  one  equivalent  of  iodine  and  two  equivalents  of  chlonnc  to  go  mto  the  anolyte.  Let  us  assume 
that  at  the  same  time  electrolysis  takes  place  of  jt  moles  iodine  chloride,  so  that  this  would  entail  the  transfer  ofjt 
equivalents  of  iodine  to  the  catholyte  and  of  jr  equivalents  of  chlorine  to  the  anolyte. 

It  follows  that  in  the  electrolysis  of  the  system  iCl-KCl  conuinmg  an  excess  of  x  moles  iodine  chloride  over 

*  In  this  work  Flalkov  and  Kagarskaya  determined  the  transfer  number  only  for  K”^  ions.  It  was  found  to  be 
0.496  le  very  close  to  the  transfer  number  of  K*.  m  aqueous  solutions  of  KCl  (0.498).  Greenwood  and 
Emeleus  calculated  the  transfer  number  of  ICl,'  on  the  assumptio.i  that  the  complex  is  represented  by  the  for¬ 
mula  KflCl,).  . 
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the  equimolar  ratio  ICl:  KCl.  transfer  will  uke  place  to  the  catholyte  of  one  equivalent  of  poustjum  and  of 
^—1)  equivalents  of  iodine:  at  the  same  time  (2  ♦  x)  equivalents  of  chlorine  will  go  to  tit  anolyte. 

We  are  now  in  a  position  to  calculate  the  ratios  of  equivalents  of  potassium,  iodine  and  chlorine  for 
various  values  of  in 

According  to  Comog  and  Bauer  [9).  in  the  system  ICl"iCCl  at  temperatures  below  45  the  formation 
is  possible  of  an  unsuble  compound  K^Cl,  (or  KCl*  2IC1).  Assuming  that  a  complex  of  this  composition  is 
formed  in  tiie  KC1“1CI  melt,  investigated  by  us.  and  that  the  electrolysis  of  one  mole  K%C1|  is  accompanied 
by  electrolysis  o!  x  moles  ICl.  we  then  obtau  the  following  values:  transfer  takes  place  to  ttie  catholyte  of 
one  equivalent  of  potassium  and  (x  equivalents  of  iodine,  and  to  the  anolyte  of  (x  ♦  3)  equivalents  of 
chlorine. 

A  comparison  of  the  experimentally  found  ratios  of  equivalents  of  potassium,  iodine  and  chlorine  with 
those  calculated  as  above,  confirms  that  in  the  system  KC1"*IC1  which  we  have  investigated,  the  complex  K1C1| 

IS  subjected  to  electrolysis.  Thus,  for  example,  from  the  results  of  the  first  experiment  with  the  system  KCl” 

-ICl  (Table  1)  the  followmg  ratio  of  equivalents  of  potassium,  iodine  (transferred  to  the  catholyte)  and  chlor¬ 
ine  (tiansterred  to  the  anolyte)  is  obtained.  K:  I. Cl  ~  1. 0.6:3  3.  These  values  for  iodine  and  chlorine  are 
higher  than  t'nose  calculated  on  the  assumption  that  1  (K:  I  Cl  =  1’0;3)  and  lower  than  those  on  the  basis 
of  x  =  2  (1:1.4).  But  if  we  as-.ume  that  the  mobiht.rs  of  »he  ’o-a  -x  the  investigated  systems  are  not  equal 
(which  IS  more  probable)  and  that  the  mobility  of  the  K"*  lo^  is  manifestly  greater  than  th.at  of  the  ICI^  ions, 
while  the  mobility  of  is  lower  than  that  of  Cl',  then  a  calculation  similar  to  the  above  one  for  the  system 
KflCljl^^lCl  gives  the  ratio  K:1:C1  =  1:0.<3  (^or  ji  =  1)  or  1  <l:<4  (for  jt  =  2). 

From  the  above  considerations  we  may  corcljde  that  the  electrolysis  of  I  mole  K1C1|  is  accompanied 
by  elfccuqlvsis  of  2  moles  iodine  chloride,  and  this  would  expla Ji  the  increased  transfer  of  iodine  (1'^)  to  the  cath¬ 
ode  in  companvon  will,  lu  transfer  to  the  anode  in  the  form  of  IClJ  complex  anion.  We  must  remember  that  in 
this  experiment  electrolysis  was  performed  on  a  solution  of  5.5  mole  ^  KCl  m  fused  iodine  chloride,  ue..  a  solu¬ 
tion  containing  a  considerable  excess  of  iodine  chloride. 

This  conclusion  is  confirmed  by  the  resulu  of  the  second  experiment  with  a  melt  likewise  containing 
5.5  mole  ^  KCl. 

Thus,  the  ratios  based  on  the  hypothesis  that  the  unstable  complex  K]|C1|  exists  in  the  KCl— ICl  melt 
are  altogetner  ir.cr.isistent  witii  tne  experimental  data.  For  example,  if  the  hypothesis  wee  correct,  there  should 
have  been  observed  a  transfer  of  iodine  to  the  anolyte.  wherea*.  in  our  experiments  we  observed  a  transfer  of  iodine 
to  the  catholyte.  even  though  in  very  small  quantity.  In  the  event  of  formation  of  K^C1|,  a  transfer  of  iodune  to 
the  catholyte  would  only  have  been  observed  after  supplementary  electrolysis  of  3  moles  of  iodine  chloride 
{K-  3).  but  in  that  case  6  equivalerts  of  chlortoe  would  have  gone  ro  the  anolyte  and  such  a  transfer  was  not  ob¬ 
served  by  bS. 

Turxng  now  to  quantitative  i.n?erp*eta*‘or.  ot  tne  e*peT.me'*a’.  'esal";-.  ter  .on  transfer  in  the  system 
lEt-KBr.  we  apply  the  same  calculations  as  lor  the  ,>«tem  iCl-KCl, 

Comparison  of  the  c*perimcntally  determ»red  tat'os  of  eq'Jtvaients  of  potassium,  iodine  and  bromine  with 
rhe  calculated  values  permits  the  conclusion  that  .r  the  system  iBt— KBr  *he  complex  KIBrj  undergoes  elecuclys'.v 

The  ratio  of  tne  equivalents  of  potassium,  odine  and  bromine,  from  the  data  of  both  experiments  (K:  I 
=  i:  0.4  3.5), ■  IV  close  ’o  the  ratios  calculated  for  ^  -  2  and  on  co.'dition  that  the  mobilities  of  ions  of  K*  and  Itej 
(etc.)  are  rtot  eq^l  (K.l.Br  »  l.<jl:<4),**  ” 

From  these  data  we  draw  a  cor’.lusion  smi.lar  to  tha'  for  rhe  system  ICl-KCl.  namely,  that  durung  elec¬ 
trolysis  of  one  mole  of  Klftj  electrolysis  takes  place  of  2  moles  of  iodine  bromide. 

In  the  rntrobenzene  solution  of  the  system  IBr— KB’’  the  ratios  of  the  number  of  equivalents  of  ions  of 
poussium  and  halogens  transferred  during  electrolyse  were  much  simpler  (K:I:Br  =  1:1.2:2.2  or  1:1.4:2.1)  than 
in  the  bmary  systems  IX— KX  (Table  1).  Moreover,  ui  the  electrolys;s  of  nitrobenzene  solutions  of  these  systems, 
even  when  they  conuined  an  excess  of  iodine  halide  over  that  correspondir  g  to  an  equimolar  ratio  of  iodine 
halide  to  po.assium  halide,  transfer  of  both  halogens  to  the  ar.ode  was  observed. 

•  The  concenuation  ui  the  first  case  was  8.4  and  in  the  second  case  9.7  mole^  KBr  in  IBr  melt. 

••  Reference  is  to  transfer  of  K”*  and  i’*  to  tfie  catholyte  and  of  Br*  lo’s  to  :he  anolyte  (Table  1). 


The  explanaiion  of  the  last  observation  Is  that  the  moleeula,  iodine  formed  at  the  eathode  by  discharge 
of  t>  ions  undergoes  cathodic  reduction  .  2e  -  2f,  is  ttansfened  to  the  anode;  another  possibility  is  the 
formation  of  complexes  with  the  solvent,  likewise  leading  to  transformation  into  I'  ions  which  go  to  the  anode. 
Itansfet  of  iodine  and  chloiine  to  the  anode  was  observed  by  Eniner  and  Calecki  po].  also  by  Fialkov  and  K'gao- 
tkjya  p):  according  to  the  last  authors  for  each  F  there  was  transferred  to  the  anolyte  a  little  less  than  one  equi- 
valent  of  iodine  and  about  1.5  equivalent  of  chlorine.* 

On  the  basis  of  the  above  data  we  may  conclude  that  the  complex  KflBr,]  is  present  in  the  nitrobenzene 
solutions  of  IBr-KBr  that  we  investigated  (molar  ratio  lEriKKr  =  1:0.22-0.23)  and  that  the  elecirolysw  of  one  mole 
of  thus  complex  is  accompanied  by  electrolysis  of  about  0.5  mole  of  excess  iodine  bromide. 

In  conclusion  we  may  say  that,  making  allowance  for  the  complexity  of  the  systems  !C1~KC1  and 
IBr—KBr,  as  well  as  for  the  e.xperimental  difficulties,  the  agieement  between  our  experimental  and  calculated 
data  IS  sufficiently  good  and  permit*  u*  to  claim  that  compounds  whose  moht  probable  composition  is  KiCl|  and 
KISr,  are  formed  in  the  systems  IX “KX  and  IX -KX-ratrobenzene. 

2.  Systems  of  Iodine  Halides-Alumin  um  Halides 

A  characteristic  feature  of  the  behavior  of  ions  in  the  systems  IX”AlXj  during  ilielr  electrolysis  it  trans¬ 
fer  of  aluminum  and  chlorine  (or  bromine)  to  the  anode  and  of  iodine  to  the  cathode  (Table  2)  From  this  it 
follows  that  iodine  is  present  as  cation  in  the  complex  compound  formed  in  systems  containing  iodine  halides 
and  alumin  um  halides,  while  the  anion  consists  of  alumin  um  and  chlorine  or  aluminum  and  bromine  and  it 
probably  solvated  by  iodine  chloride  or  bromide  as  evidenced  by  the  large  number  of  g-atoms  of  chlorine  and 
bromine  transferred  to  the  anolyte.  The  iodine  is  transferred  to  the  cathodic  portion  and  chlorine  (or  bromine) 
to  the  anodic  pottion  partly  as  a  tesuh  of  electrolysis  of  excess  iodine  halides. 

The  melting  curve  of  the  sy‘tcm  ICl-AlClj  indicates  the  formation  of  an  unstable  compound  with  the 
composition  AlClj*  2IC1  [5].  Taking  into  account  the  fact  that  ir.  ion  transfer  experiments  each  g-atom  alumin¬ 
um  was  accompanied  to  the  anolyte  by  7-8  g-atoms  of  chlorine,  we  m<iy  assume  that  we  are  dealing  with  the  com¬ 
plex  IfAlCl^]  whose  anion  is  solvated  by  iodine  chloride. 

Formation  of  such  solvated  complexes  is  favored  by  me  iodine  chloride  molecules  being  associated  in 
the  liquid  state,  in  the  simplest  case  as  [^Cl|].  According  to  Sandonini  and  Betghello  tll]the  latter  molecules 
dissociate  into  I*^  and  IClf. 

Regarding  the  system  IBr—AlBrj.  a  study  of  the  viscosity  [1]  and  of  data  for  thermal  analysis  (6)  supports 
the  formation  of  the  complex  IfAlBrJ. 

The  results  of  ion  transfer  experiments  (Table  2)  and  m  par»icular  the  high  transfer  number  of  bromine 
(>1)  in  this  system  (Table  4).  indicate  that  this  complex  is  likewise  susceptible  to  solvation  by  iodine  bromide. 

From  the  ion  transfer  data  (Tables  2  and  4)  the  composition  of  the  complex  ions  in  the  systems  ICl~*AlClg 
and  IBr—AIBij  can  be  established  by  a  procedure  similar>to  that  applied  ioi  tlic  systems  ICl“KCl  and  IBr— KBr. 

Of  the  possible  variants  we  shall  consider  tr  e  following  simplest  cases. 

1.  The  complex  UAlXJ  undergoes  electrolysis  to  *t’e  accompaniment  of  electrolysis  of  x  moles  iodine 
chloride  or  bromide.  Consequently,  x  t  1  g-atoms  '.od'ne  will  go  to  the  catholyte  and  Jt  ♦  4  g-atoms  chlorine  or 
bromine* ‘Will  go  to  the  ai>olyte  with  each  g  atom  of  alum-rum 

But  since  the  mobility  of  (AIXJ’  lo.os  :s  evidently  lower  tnan  the  mobility  of  ions  of  and  Cl*  (or  Br  ). 
then  for  each  g-atom  of  aluminum  ransferred  to  the  anolyte  in  the  form  of  complex  anion,  trarsfer  must  take 
place  to  the  catholyte  of  rather  more  than  »  I  g-atoms  of  iodine,  and  to  the  anoly'te  of  slightly  mote  inanj^  ♦ 

■*  4  g-atoms  chlorine  or  bromine. 

2.  Electrolysis  is  und.-rgone  b>  the  complex  IfAlX^].  solvated  with^  moles  of  IX.  At  the  same  tune  ^ 
moles  of  iodine  halide  (iCl  or  iBr)  aie  electrolyzed. 

If  we  assume  that  2=  1.  i  elecrolysis ’s  u^dergo-e  by  the  complex  HAIX4*  IX]  or  !(X,AliX|]. 

_ _ content  should  not  change  appreciably  e.*her  in  the  anciyte  or  ir.  the  catholyte.  Rut  if  jr  is  equal 

•  It  must  be  remembered  that  tne  '’iiiobe-'.zene  solution  contain  diireriv  imlcctles  %C1|  I  ♦  IC1£  [2] 

••In  this  case  it  more  convenient  ic  base  the  lalc  jlatio"  ’'.ot  on  g-eqaivaler’s  but  on  g-atoms  because  the 
composition  of  the  simplest  complex.  llAlX^J.  solvated  with  jr  rrcles  of  IX.  At  the  same  time  ^ moles  of  iodine 
halide  (ICl  or  IB')  are  elect'olyzed 
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to  2  or  nx)re.  than  not  only  will  the  coaent  of  aluminum  and  chlorine  in  the  anolyte  increase  but  also  the  con¬ 
tent  of  iodine.  Each  g-atom  aluminum  reguires  g-aiom»  iodine  and  4)  g-atom$  chlorine  (or  bromine). 

But  if  electrolysis  simuluneously  takes  place  also  of-x  moles  IX.  then  (*  "X  g-atoms  iodine  wiU  go 
to  the  catholyte.  and  1  g-atom  Uumir  um  and  (x  ♦  jjT  ♦  4)  g-atoms  chlorine  (or  bromine)  to  the  anolyte. 

Let  us  compare  the  ao-calculated  valiies  with  the  experimental  ones  set  out  in  Table  2  for  the  system 
la—AlOj.  This  comparison  shows  that  the  values  for  the  first  experiment  (A1:1:C1  *  1: 1.4: 6.6)  are  very  close 
to  those  calculated  on  tfie  assumption  diat  jr  =  1  and  x  =  1  (Al:  I: Cl  *  1: 1: 6).  •  This  corresponds  to  simultaneous 
electrolysis  of  the  ccmplex  IIAICI4*  ICl)  and  1  mole  iodine  chloride. 

The  ratios  obtained  from  the  data  of  experiment  2  (Al:  1:0  =  1:2.6: 8.2)  are  close  to  those  calculated  on 
the  assumption  that^  =  1  and  jt  =  3  (Al:I:Cl  »  1:3:8),  which  corresponds  to  the  electrolysis  of  I(A1Q4*  ICl)  and 
approxunately  3  moles  iodine  chloride.  It  must  be  noted  that  a  larger  excess  of  iodine  chloride  was  taken  in  this 
experiment  than  in  experiment  1  (in  experiment  1  the  A1C1|  concentration  was  28.8  mole  %  and  in  experiment  2 
It  was  20.6  mole  ^). 

As  for  the  hypothesis  that  th*.  nomolvated  complex  is  electrolyzed,  the  ratios  of  g-aioms  of  iodine,  al- 
unun  um  and  chlorine  transferred  in  course  of  electrolysu  on  this  basis  are  entirely  at  variance  with  the  expen- 
menui  data. 

Comparison  of  the  experimentally  found  utios  of  amounts  of  iodine,  aluminum  ind  bromine  aansferred 
to  the  catholyte  and  anolyte  during  investigation  of  the  system  IBr— AlBt|  with  the  cakwlated  values  permits  us  to 
draw  the  conclusion  that  the  complex  I^AlBrJ  is  solvated  by  two  moles  of  iodine  bromide. 

Thus.  fo»  instance,  the  data  of  experiment  1  for  the  system  IBr—AlBrj  (Al:  LBr  =  1. 3.9: 10.3)  are  close  to 
the  values  calculated  or.  the  assumption  ihat^=  2  and  j|t=  4  (Al:l:Br  =  1:>3:>-10).  The  results  of  experiment  2 
(Al:I:Br  =  1:2.8  9. *7)  are  close  to  the  g-atom  ratios  when^=2  andjt  =  3.  Consequently,  electrolysis  of  the  com¬ 
plex  I[AlBr4‘21Br]  proceeds. to  the  accompaniment  of  electrolysis  of  3-4  moles  (depending  on  the  concentration  of 
the  starting  solution)  of  iodine  bromide.  It  should  be  noted  that  m  experiment  1  the  concentration  of  alumin  urn 
bromide  was  25.4  mole  %  while  in  experiment  2  it  was  37.1  rooie  % 

In  ar.emptmg  a  similar  characterization  of  the  system  IBr— AlBrs'-nitrobenzene  we  come  up  against  even 
greater  difficulties.  First,  as  already  no%d  in  the  electrolysis  of  this  sytem.  *he  anodic  portion  receives  an  in¬ 
creased  amount  of  not  only  aluminum  >ut  also  of  both  halogens.  Second,  the  number  of  equivalents  of  bromine 
transferred  to  the  anolyte  teaches  quite  a  h.gh  figure. 

The  fact  is  that  m  the  system  IBr-AlBr|-nitrobenzene  the  secondary  electrolytic  processes  are  more  diverse 
and  more  ccmplex  than  in  the  analogous  system  containi.ng  potassium  bromide.  The  pr.imary  transfer  of  iodine  to 
the  camolyte  proceeds  not  or-ly  via  clectroiysii  of  the  excess  .odine  brom:de.but  also  via  electrolysis  of  the  complex 
AlBrj*^I8:.  The  iod;r,e  discharged  at  ’^he  cathode  subsequently  begins  to  move  to  ^hc  anode. 

Moreover,  this  complex  is  considerably  less  stable  than  and  in  solution  it  probably  exists  m  equil¬ 
ibrium  with  m  constituerts  —  IBr  and  AlBry. 

As  we  Know  from  the  litcranirc  [12,  13],  a  solution  of  alumin  um  bromide  in  nitrobenzene  is  a  conductor. 
The  •''vesT’gations  of  Sheka  ard  IVicneraya  [14]  have  estabiisned  that  the  cations  in  such  a  system  are  alumiii  um 
ions  solvated  w;rr.  .nitrobc'-^erie.  The  ar.ioni  in  dilute  so'utioni  arc  predominantly  simple  bromine  icns  but  in  more 
corcentrated  solutions  the  bromine  lora  exist  side  by  side  vnih  complex  anions;  AlBr^.  Al|Bry  etc.,  which  are  solvated 
by  ritiobenzene. 

These  simultaneously  occurring  processes  complicate  the  calculations  along  the  lines  of  the  schemes  exem¬ 
plified  above.  We  are ,  therefore,  compelled  to  limit  ourselves  to  stating  that  the  complex  formed  in  nitrobenzene 
solution  has  the  same  rarure  and  the  same  approximate  composition  as  m  the  solvent -free  system,  i.e.,  it  consists  of 
I{Alfe^  solvated  widi  iodine  bromide. 

The  structure  of  complex  compounds  of  AlClj  or  AlBr^  with  iodine  halides,  of  the  type  of  AIX3*  nIX.  may  be 
reixesented  by  the  following  schemes:  ”* 


On  the  assumption  that  the  ionic  mobilities  aie  not  equal  and  that  the  mobility  of  aluminum  containing  complex 
anions  must  be  lower  than  tha»  of  halogens,  tne  ratio  of  the  transferred  amounts  u  Al:  I; Cl  =  1-.>1:>6. 


etc, 

WiA  mainieiunce  '  ccordiration  number  of  4  for  alumin  um  the  molecules  of  A1X|  can  combine  wifli 
a  maximum  of  5  mou  ?  halide  with  formation  of  the  complex  IIAlflXi]^]. 

In  a  study  of  ibe  •:  '^1*.  Ya.  A,  Fiallcov  and  LL,  Abarbachuk  established  the  existence  of  the 

analogous  complex  com pa<j  u  ^  "  "^j-fici  [151  containing  antimony  in  the  complex  Ion;  the  cat¬ 
ion  is  iodine.  Their  str  '‘Uire  is  . .  as  tl>at  of  complex  compounds  of  aluminium  halides  with 

iodine  halides. 

The  complex  comp^unos  AlXg'jOlX  have  low  stability  and  readily  undergo  dissociation.  Rise  of  temperature 
accelerates  dissociation  and  leads  to  cleavage  of  the  iodine  halides  which  had  solvated  the  complex.  This  is  dem¬ 
onstrated  by  the  detection  of  only  a  compound  with  the  composition  IBr*  AlSTg  on  the  melting  curve  of  the  system 
IBr-AlBr,  ut  100*  [61  as  well  as  in  a  study  of  the  viscosity  of  this  sytem  (11. 

The  results  of  the  investigations  snow  that  not  only  highly  polar  alkali  metal  halides  but  also  the  nonpolar 
alumin  um  lalides  combine  with  iodine  halides  to  form  complexes  of  tne  type  of  binary  halides.  These  complexes 
are  differentiated  in  structure:  The  no-fxiir  aluroirum  uhdes  combine  with  iodine  chloride  or  bromide  and  enter 
into  the  composition  of  complex  anions,  but  the  highly  polar  potassium  halides  combine  with  iodine  halides  in 
such  a  manner  as  to  form  a  complex  anion  at  the  exp'^se  of  their  halogen  ions.  Cl~  and  Br',  and  of  the  iodine 
halides. 

Although  cc.npcunds  of  the  type  of  KCl*  !C1  or  KflClg]  can  be  classed  as  double  halides,  they  are  neverthe¬ 
less  closely  related  to  complexes  of  the  polyhahde  type  and  constitute,  so  to  speak,  intermediates  between  the  poly- 
halides  —products  aJdit'on  of  molecule^  of  l-a'ides  to  halide  amons  -*ard  complexes  of  the  double-salt  type. 

Complex  ccr.ipourds  of  the  t^pc  of  if/lXJ  or  1[A1X^*  rlXj.  al*o  Similar  compounds  of  SbClg  with  ICl,  are 
the  fust  lepresenutives  of  a  new  senes  of  dsulie  ha'.'des  whose  cation  u  iodine. 

SUMMARY 

1.  An  evaluation  is  made  of  the  resultr  of  a  «tudy  of  ion  transfer  in  the  systems  IX—KX  and  IX— AlX^ 

(X  being  Cl  or  Br)  and  of  theu  nitrobenzene  solution*. 

2.  A  quantitative  characterization  is  performed  of  the  i»oces*et  taking  place  during  electrolysis  of  these 
systems. 

Consideration  is  given  to  ti.e  problem  cf  the  tompoi’tion.  »»iucture  and  ratu’e  of  the  complex  compounds 
fotmed  *r.  *hc$c  systems  ir  ti.e  form  of  dcuble  hal  des  ot  t^e  general  formuia  K[>X|]  and  ifAlXg  £1X3  or  i(AlX4.^^IXj>Ql. 
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AN  IRREVERSIBLE-RECIPROCAL  SYSTEM  OF  THE  SINGULAR  TYPE 
WITH  LAYER  FORMATION  FROM  THE  SULFATES  AND  CHLORIDES 
OF  LITHIUM  AND  SILVER 

D.  S.  Lesnykh  and  A.  G.  Bergman 

Analysis  of  the  ternary  reciprocal  sysu,.^  of  chlorides  and  sulfates  which  have  been  investigated  by  us  and  by 
odier  authors  shows  that  aC  the  systems  with  participatior  of  salts  of  lithium  and  s^lts  of  alkali  metals  and  alkaline 
earth  metals  (separately)  belong  to  the  tyj>c  of  systems  with  unlimited  reaproLal  solubility  of  die  components  in  the 
fused  state.  But  in  systems  with  participation  of  salts  of  lithium  and  thallium,  lithium  and  lead,  and  lithium  and 
cadmium,  there  is  limited  reciprocal  solubility  in  rrel'^  of  the  components  of  stable  pairs.  On  the  other  hand,  the 
components  of  stable  pairs  of  chloride -sulfate  systems  with  participation  of  salts  of  silver  and  thallium  [1]  and  sil¬ 
ver  and  cadmium  [2]  only  have  a  tendency  to  form  layers,  whereas  in  the  system  constituted  by  the  salts  of  silver 
and  sodium  p]  the  components  of  the  stable  pair  exhibit  limited  reciprocal  solubility  in  the  fused  state. 
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These  facts  justify  t.he  assjmp'iO’'  that  layer  formation  ir  melts  in  the  majority  of  cases  is  due  *o  'he  presence 
in  the  system  of  ions  with,  a  deferent  $Truc''-'e  of  'he  outer  electron  -nell?  (inert -gas  type  on  the  ore  hard,  and  contain¬ 
ing  18  o»  18  ♦  2  electrons  on  ♦he  o'her  hand),  possessing  a  diffete''t  polarization  character  and  forming  salts  of  a  stable 
pair  With  sharply  divergent  physicocnem'cal  p  operties  An  exception  is  provided  by  the  system  of  chlorides  and  sul¬ 
fates  of  lithium  and  .rmc.  whose  components  exhibit  unUm-.ted  solubility  in  the  'iquid  state  and  tend  strongly  to  form 
complexes. 

For  the  purpose  of  cotfirmirig  the  abo-e  hypothesis  %<e  have  studied  the  ternary  reciprocal  system  of  the  chlor¬ 
ides  and  sulfates  of  lithium  a*.d  silver  in  mehs  by  tne  visu«l-polvthe:m:c  method.  Another  aim  of  the  investigation 
was  the  clarification  of  the  irtluence  of  exchange  of  anions.  Substitution  of  1’  m  a  system  with  stiatifKatior.  of  Li.  Agfl 
Cl.  1 14]  and  of  NO^  in  a  system  with  strahhcat-on  of  U.  Ag  ’jCl.  NO,  by  the  SO^  ion. 

•  Equimolar  percentages  of  The  added  compone’'t. 
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PljgoMl  lections  (Fig.  2).  The  thermal 
effect  of  the  reaction  LijClj  ♦  Ag,S04—-^ 

AgtOf  -f  L%S04  is  equal  to  17.8  kcal  per 
equivalent.  The  stable  diagonal  section  AgfClj*- 
—114904  has  die  character  of  a  binary  system  with 
a  eutectic  at  44.5*  and  0.4%  lithium  sulfate. 

The  components  of  the  suble  pair  possets  ex* 
:remely  limued  reciprocal  solubility  in  the  fused 
state  —the  interval  of  stratification  extends  from 
2  to  96.8%  lithium  sulfate  at  818*.  The  melticg 
curve  it  broken  by  a  straight  line  paralldto  the 
composition  axes,  due  to  a  three*phase  mono* 
tectic  process.  The  curs-e  u  represented  by  a 
broken  line  up  to  26%  Lit^4>  consequent  upon 
the  experimental  difficulty  of  determination  of 
the  crystallization  temperatures  of  very  fine  drops 
of  lithium  sulfate. 

The  melting  diagram  of  the  unsuble  sec* 
110*^  of  Lit<^^~Ags904  consists  of  six  crystalliza* 
tion  branches:  a. 0 <00110000$  solid  solutions 
[Ag.  UX^l,  0.a*sulfates  of  lithium,  and  0.a* 
sulfates  of  silver  which  are  intersected  respec* 
lively  at  564*  and 

In  the  interval  from  22.5%  Ag|S04  at 
4  92*  to  72.5%  AgtS04  at  518*  the  melt  separates 
*nto  tvm  liquid  phaiC* 


Reciprocal  system  The  surface  of  primary  separations  of  crystals  was  investigate  with  the  tielp  of  nineteen 
internal  sections  whose  directions  are  shown  m  Fig.  3.  a  short  characterization  of  each  of  them  is  given  in  the  summary 
table  and  u:  Figs.  4  and  5. 
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Fig,  4.  Internal  sections  1  —X. 

I-eS*?.  AgjCl,  ♦  Ag,S04-^  LijCl,;  lI-60<>  Ag|Cl|  ♦ 

♦  40<5t  Ag,S04-*-lj,S04:  nWl.S'Jl  Ag,Cl,+52.6^ 
Ag|S04-^  Li,S04.  IV-25^  AgjCl,  ♦  75<3fc  Ag|SO^  UfS04 
V-lO^t  Ag|Cl,  ♦  9VJ$  Ag,S04-^  U,S04;  VI-5^  AgfCl,  ♦ 
95^  Ag4S04-^  U,S04;  Vn-BO^  Ag,S04  ♦  20^  UfS04-^ 
-►  LljCl,;  Vin-75‘>  Ag,S04  4  25<3b  U,S04-»-  L‘.|C1|;  IX- 
70>  Ag,S04  ♦  30^  U*S04— ►  LtjCl,;  X  -  60«>  Ag|S04  ♦ 
40^  U,S04-^  LijCK;  M  =  tf-Ag,SO*.  N  =  B-Ag|S04. 


Fig.  5.  Internal  sections  XI— XIX. 

Xl-50^.  Ag|S04  ♦  50^  L:|S04  *  LliClii 

XlWiXJS)  Ag|S04  ♦  60^  L'*S04-— ►U|Cl,: 

XIU-90^  Li*S04  ♦  10^  Li*Clt - ►AgjSOv 

XIV- 50<Jt  Li,904  ♦  50^  LijClt  — **  AfiiS04; 

XV- 25^  L1*S04  ♦  75^  Li*Cl*— ^Ag,S04; 

XVI- 25^  AgtClt  ♦  75^  L-.Clt  ►  Ag4S04: 

XVII- SOjfc  AgjClj  4  bVk  UtCli  — ^  Ag|S04; 

XVIU  AgtCli  4  401b  L;,C1,  — ►  Ag,S04: 
X(X-75<3b  AgjCI*  4  251b  LjCI,— ♦  Ag,S04. 

R  -  Solid  solutions  (Li.  Ag)  Cl:  T  -  Ag4S04*  Li|S04. 


Fig.  6.  Projection  of  isotherm*  on  to  the  square  of  compositions. 
3S6 


The  singular  temperature  maxima  of 
all  the  sections  are  at  the  points  of  their 
intersection  with  the  stable  diagonal  section. 
The  results  of  noeasurements  are  generalized 
IT  the  form  of  a  projection  of  the  isotherms 
cti  to  the  squarh^of  compositions  of  the 
reciprocal  system  (Fig.  6).  The  positions 
of  the  invariant  points,  of  the  lines  of  joint 
crysullizanon  of  component^  and  of  the 
lines  demarcating  the  stratification  region 
are  represented  in  the  form  of  imijections 
of  Those  points  and  of  the  lines  of  the  ternary 
system  Ag4Cl^Li4S04— UiOj  on  to  the 
AgCh-L’-CI  side  (Fig.  7)  a.  of  the  lines  of 
»he  ter.-iary  system  AgjCl,-LijSO^Ag|904 
on  to  the  Li4S0^-AgtS04  side  (Fig.  8). 

On  the  projections  are  also  repre^nted 
the  three-phase  and  four-phase  monotectic 
etpiilibnu  71  (ab  a.*Hi  cd  in  Fig.  7  and  ab  in 
Fig  8)  anJ  the  polymorphic  transforirarmn 


of  lithium  sulfate  (broken  lin^. 

from  Fig,  6  Aat  the  system  consists  of  eijihi  fields  of  crystiUiz^ioa:  a.  6-  lithium  sulfates  occupyirig 
75.6^1.  a.fl-solid  solutions  of  [AgLiX^l  (1S.3‘^};  a.ft-sulfatcs  of  sil>«i  (6.5 <5^:  compound  AgiSO^*  142804  (2.2^5))  and 
silver  chloride  0.4<Soof  the  toul  area  of  the  square. 


X/*fers 


Fig  7.  I^ojectionof  the  ternary  system  Ag2Cl|”l-.|S04“Li2Cl2 
on  to  the  AftCl-L.Cl  side. 


Fig  8.  Projection  of  the  ternary  system 
Ag4CIt-L!2S04-Ag|S04on  to  »he  Li2S04'*Ag|S04 
sale. 
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4.  The  investigatioa  of  the  reciprocal  system  Lu  Ag{]Ci.  S04ha$  provided  further  suppon  for  the  bypothesu 
that  stratification  in  the  fused  state  in  the  majonty  of  cases  is  the* consequence  of  a  differing  structure  of  the  outer 
electron  shells  of  the  ions  and  of  the  resultant  sharp  difference  in  their  polarization  characteristics  and  jO  the  physi¬ 
cochemical  properties  of  the  components  of  the  stable  pair. 
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A  STUDY  CF  PHOSPHOMOLYBDIC  AND  SILICOMOL YBDIC  COMPLEXES 

IN  SOLUTION 

A.  K.  Babko  and  S.  S.  ShanoTskaya 

Many  investigations  have  been  made  of  the  composition  £nd  structure  of  heteropoly  compounds  in  the  solid 
sute;  recently  a  series  of  interesting  studies  has  been  published  by  E.  A.  Nikitina  and  co-workers  [I],  These  give  - 
little  information,  however,  about  the  equilibria  in  solution,  the  formation  conditions,  and  the  stability  of  the 
heterepoly  compounds  in  solutior,  B.  V.  Nekrasov  considers  the  interaction  of  caustic  alkaU  with  heteropoly 
acids  as  a  process  of  gradual  breakdown  of  the  complex  acid;  E.  A.  Nikiuna  [3]  assumes  that  the  solid  phase 
formed  in  tins  way  consists  of  solid  solutions  (iimitedly  saturated  and  unsaturated)  of  heteropoly  compounds.  A 
very  significant  factor  for  characterization  of  the  use  of  hereropoly  acids  ui  chemical  analysis  is  the  formation 
and  stability  of  these  acids  in  dependence  on  the  hydrogen  ion  concentration.  In  this  connection  the  molybdic 
acid  complexes  with  different  central  atoms  are  cba»ac:.:ued  by  a  number  of  features  which  make  possible  the 
.  a.ate  determination  of  silicon,  phosphorus,  etc.  i^.  mixtures.  These  hetetopoly  compounds  exhibit  these 
well-marked  specific  effect?  when  reacted  with  various  amors  which  bind  mol;!>denum  into  a  complex.  Existing 
data  for  the  structure  and  properties  of  the  crystalline  compounds  do  not  account  for  this  difference  in  the 
properties  of  heteropoly  acids  conuinug  dJferent  central  atoms.  Thus,  for  example.  Pauling  [4]  considers 
that  the  centxa]  atom  occupies  a  certam  free  space  m  the  lattice  composed  of  atoms  of  molybdenum  and 
oxygen  and  molecules  of  F^.  We  know,  however,  that  the  central  atom  often  governs  the  most  important 
properties  of  heteropoly  acids.  Ir  is  clear  that  the  characteristics  .>1  the  conditions  of  formation  of  heteropoly 
acids,  their  stability  and  a  series  of  individual  properties  can  only  be  establuhed  by  study  of  the  equilibria  of 
formation  in  solution.  This  approach  enn  be  made  most  effectively  by  the  method  of  physicochemical  analysii. 

This  method  was  adopted  by  L  V.  Tanaiuev  [5]  in  a  study  of  sihcoroolybdic  acid  in  which  determinations 
were  made  of  the  composition  of  the  complex  m  solution  and  of  the  dependence  on  the  molybdate  concentration 
and  on  the  acidity  of  the  solution.  Ttnanaev.  howev’er,  only  studied  equimoleculai  mixtures  in  which  equality 
existed  between  the  sums  of  the  concentrations  of  the  three  components:  sum  of  SiO^.  M  and  H1SO4  *  0.025 
mole/^.  In  the  practice  of  colorimetric  analysis,  however,  considerably  larger  excesses  o"  acid  and  molybdate 
ate  employed. 

*  The  objective  of  the  present  investigation  was  the  srudy  of  the  equilibru.  forma* u-  *  conditions  and 
stability  01  phosphomolybdic  and  silicomol)bd:c  acids  in  solutions;  the  principal  method  *»!  ,  vestigation  was 
physicochemical  analys’s. 

ocr-cral  character  12 atior;  of  the  co*'»d  TioPi  of  eqvjil’bMi.m  in  The  sy^'tem  iyo-pt.a*e  (•:itcatej-molybdate-acid_. 
We  applied  physicochem’cal  aral>sis  to  the  investig^Tion  o(  the  equilibrium  (reversible)  sy'tems.  It  may  be  noted, 
however,  that  certain  properties  of  the  soluttoris  of  the  reacting  components  clearly  indicate  meversibihty  of  the 
reactions  in  certain  conditions 

The  slate  of  molybdenum  in  acidified  solutions  of  ammonium  molybdate  hJis  hitherto  not  been  adequately 
studied.  Investigation  of  various  characteristics  of  molybdic'vrid  solutions  (depression  of  freezing  point,  diffusion 
coefficients,  dialysis,  etc  .  {6.7.8])  has  revealed  the  presence  m  acid  solutions  of  various  forms  of  polymerized 
molybdic  acid  ions.  Thus,  for  instance,  simple  iom  of  M0O4"  are  found  in  molybdate  solution  in  an  alkaline 
mediim  and  vrhen  the  pH  is  reduced  to  6.5.  Further  drop  in  the  pH  from  5.0  to  1.5  leads  to  formation  of  hexamolyb- 
dates.  and  still  greater  acidification  leads  to  dodecamolybdates.  At  the  same  time  the  possibility  Is  not  excluded  of 
formation  of  trimolybdate  ions  vdien  the  pH  of  the  solutions  is  6.5-5. 0.  At  the  same  time  there  are  various  theories 
of  the  nature  of  the  coordinated  groups  in  heterepoly  acids;  thus  the  composition  of  phosphomolybdic  acid,  as  we 
know  It.  is  repiesenied  by  the  formula  H7{P(Mo,0,),]or  H,[P(MojO„)4).  Consequeuuy  phosphomolybdic  acid  may 
exist  in  equilibnun  with  dimolybdate  or  trimolybdate  ions.  Since  a  higher  degree  of  polymerization  of  molybdate 
is  probable  in  strongly  acid  solutions,  while  the  speed  of  depolymerizaticn  is  unknown,  the  formation  is  possible 
of  systems  which  are  not  in  equilibrium,  and  the  method  of  physicochemical  arulysls  may  prove  to  be  inapplicable. 

We  know  al»  that  due  to  the  colloidal  character  of  solutions  of  silicic  acid,  the  conditions  of  formation  and 
breakdown  of  silicomolybdic  acid  exhibit  a  series  of  peculiarities  [S].  We  kt»w  that  in  the  colorimetric  determina¬ 
tion  of  silicon  in  presence  of  phosphorus,  use  is  nude  romctimes  of  strongly  acid  solutions,  the  silicoraolybdate 
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stable  while  the  phosphomolybdic  complex  decomposes.  In  other  cases  the  test  solution  ir  first 
acidified  and  after  a  short  period  addition  is  made  of  molybdate;  in  these  conditions  a  silicomol>d>dic  complex 
li  r '»  formed.  Conseqi.'erily  in  the  case  of  solutions  of  silicomolybdic  complexes  the  absence  of  equilibrium  may 
reicU  (apa.t  ’mm  the  factors  mentioned  above)  from  the  colloidal  character  of  silicic  acid  in  solutions.  This 
fact  cleanly  calls  for  a  preliminary  study  of  tfie  general  characteristics  of  equilibrium  in  the  system. 

The  following  starting  solutions  were  used:  1)  Solution  of  ammonium  molybdate  containing  0.1  mole  XioOy 
r»cr  hrer.  2)  0.1  molar  solution  of  sodium  silicate  or  sodium  p'losphate,  3)  0.2  N  nitric  acid  solution.  These 
<c*lutic>ns  were  mived  tO  saiious  ratios  and  in  various  orders  with  variation  of  the  period  between  mixing  of  two 
ccmpoents  and  introduction  of  the  thu<f  component.  Mixing  of  the  three  components  was  followed  by  determma- 
»ton  of  the  opucal  density  of  the  solutions  after  intervals  of  10  minutes  and  1.  4  and  24  hours. 

OmiHing  th-e  experimental  details,  we  may  note  the  following  results:  In  most  cases  the  optical  density 
nr  tiiC  solution  was  lienfcal  for  solutions  of  photphomolybdic  complexes,  regardless  of  the  order  of  mixing  and 
of  Ttic  time  witnin  th>e  limiti  of  tlje  following  concentrations  [fOi*")  =  2*  10**.  [M0O4  J  from  24- 10"  to 
324  10**  at:d  ph  of  C.7  to  2.0.  The  c  perimental  dau  conseque."tly  supply  evidence  of  su»f:cienUy  complete 
-•vfc.'sibility  of  tne  system. 

The  data  for  solut;onv  of  the  silicomolybdic' complex  revealed  poor  reversiLility  of  the  processes  and  a 
considerable  deperderce  of  the  optical  density  of  the  solution  on  the  order  of  mixing  and  on  the  period  of 
su'siing  The  most  teprod  jc  ible  results  were  obtained  in. the  following  co.nd’tions'  To  a  solution  of  silicate 
was  added  distilled  watei.  followed  by  the  required  amoun»  of  acid,  and  immediately  after  mixing,  this  was 
followed  by  ammonium  molybdate  solutior.  This  order  of  mixing  of  the  reacting  substances  was  also  followed 
m  the  espenments  described  in  the  subsequent  sections  of  this  paper.  Approximately  the  same  optical  density 
was  obtained  by  adding  the  molybdate  to  the  acidified  silicate  and  holding  for  a  short  period,  also  by  adding 
the  Silicate  solution  to  tne  acidified  molybdate  solution.  But  if  the  silicate  and  molybdate  solutions  were  first 
mixed  together  and  the.n  the  acid  added,  the  results  were  poorly  reproducible.  The  optical  density  of  all  the 
solutions  changes  with  time.  At  the  start  the  color  is  intensified  but  afterwards  it  weaken^,  due  to  gradual 
irreversible  decomposition  of  the, silicomolybdic  complen  with/oimation  of  colloidal  silicic  acid  in  a  form 
tha»  does  not  react  with  molybdate.  In  Table  1  arc  pre.ep.ted  some  experimental  results.  The  solutions  were 
prepared  as  described  above  The  color  intensity  was  determined  by  comparison  of  the  test  solutions  wth  a 
botax-containing  K,Ci04  soluUon. 


TABLE  1 


The  exDerunep*;il  results  show  that 


Silicate  Concentration:  2  - 10  *  mi  increasing  acidity  of  tne  solution  there 


- 1 _ 1 _ ^  IS  an  increase  in  the  period  necessary  for 

Ktulybdate  !  ^^,4  ^  ^^.4  ^  maximum  formation  of  the  colored  complex. 

f  ^ _ . _  l-’cieav'na  cnnr  entraTion  of  mulvbdate  ciXS 

1 

pH  cf  v.ilufion,  2.0 

1.3  0.7 '2  0*1.3  0.7  2.0 ' 1.3!  0.7  *0  3  down  this  period  but  docs  not  biing  about 

1 - 1 _ _ _ _ _ _ _  comolete  stability  of  the  comolex;  in  all 

Period  of  jcolor  corresponds  to  a  solution  containing  cases  the  complex  is  appreciably  decomposed 

sunii!  g  foUowi-g  amount  of  chromate  rtn  inc/H  at  a  dH  of  2  to  1  3  after  24  hours. 

10  mir-utes.  IsO  j 

1  ho'ir.  ...  jsB  i 

4  hours  ...  34 

24  hou;s  .  .  18 

^  ^  ^  1 — ! — i —  - 

1  8  10  ,70  j35  126  ;70  j70  ,60  .  2  The  influence  of  temperature  must 

;18  1  j70  85  |58  75  tlb  75  |  4  be  considered  in  connection  with  the  ctuestion 

22  1  *56  80  80  56  ,60  70  6  of  equilibrium  in  the  system.  Solutions  were 

20  1  ^40  j60  60  30  ,44  56  12  heated  in  test  tubes  to  60*  and  they  were 

•  •  *  compared  m  the  hot  state  with  standard 

chromate  solutions.  The  color  intensity  of 
solutions  of  phosphomolybdic  complex  increases  3-10  times  a»  60*  (depending  on  the  Mo/P  ratio)  in  comparison 
with  the  same  solutions  at  20*;  after  cooling  to  20*  the  color  i.'*ensity  of  the  solutions  again  falls  to  tlie  initial 
value.  The  color  intensity  of  solutions  of  the  siUcor..clybdic  complex  in  soriK.  cases  also  increases  when  heated. 
»>n  cooting.  however,  the  interiSity  does  not  fall  to  ihi  original  value  arxl  the  period  of  stability  of  solutions  of 
^Oiconiclybdic  complex  is  shortened. 


STTixklard  [10]  observes  that  the-opucal  density  of  freshly  prepared  solution  of  silicomolybdic  acid  falls 
app.ox.m».e!y  a  factor  of  2  after  24  hours.  He  attributes  this  to  formation  of  an  isomer  of  urjitjown  structure, 
a  evam.na  lor  of  voiutioos  of  tilicomolyhd.c  complex  at  various  values  of  pH  ard  various  concentrations  of 

».evs  rriolybdae.  we  d.d  not  ob'erve  any  st«ote  products  of  decomjiositio'i  or  isomerization  of  siHromolybdic 
<■ 'Mn pie  X  I *.  solution. 


Ttie  ftbove  results  show  thit  the  processes  Are  teversible  in  solutions  of  ]>hosphonx>lybdic  complexes: 
conversely,  irreversible  processes  Are  observed  in  sUicomolybdic  solutions,  issociAted  with  pAssAge  of  silicic  ACid 
into  the  colloidAl  state.  Consequently  physicocheraical  analysis,  when  applied  to  *e  formation  of  the  silico- 
molybdic  complex,  can  only  give  approximate  results  Inal!  cases  the  solutions  containing  a  molar  ratio  of 
phosjihorus  (or  silicon)  to  molybdenum  of  i;  12  have  a  much  lower  optical  c  ■  -’-y  than  solutions  with  a  large 
excess  of  molybdate.  This  fact  points  ro  appreciable  dissociation  of  the  coi 

Examination  of  equimolecular  mixtures.  Determination  of  the 
composition  of  the  complex  in  solution  w^n  tlie  stability  is  low  (appreciable 
dissocution)  1$  most  conveniently  carried  out  by  a  study  of  the  properties  of 
mixtures  containing  a  constant  toul  cf  molar  concentrations  of  reactaota. 
Phosphomolybdic  and  silicomolybdic  complexes  are  formed  by  reacting 
phosphate  (or  silicate)  with  molybdate  in  an  acid  medium.  Nitric,  hydro¬ 
chloric  or  sulfuric  acids,  however,  do  not  enter  into  the  composition  of 
the  complexes  according  to  the  available  data;  nor  do  hydrogen  ions 
enter  into  the  coordination  sphere  since  heteropoly  acids  are  strong  acids 
Evidently  a  certain  degree  of  acidity  of  the  solution  influences  the  degree 
of  polymerization  of  the  molybdic  acid  ion  We  therefore  considered  it 
would  be  expedient  to  perform  some  series  of  experiments  at  various  pH 
values,  but  with  maintenance  only  of  a  constant  sum  of  the  phosphate 
(or  silicate)  and  molybdate  while  keeping  the  pH  of  the  solutions  constant.* 
On  this  basis  a  study  was  made  of  complexes  in  a  system  of  two  reactants 
in  solution.  The  system  may  be  represented  by  a  triangle  of  composition:  The  central  ion  (PfSi)].  the  coordinated 
ion  (Mo)  and  the  solvent  (S)  (Fig.l).  Equimolecular  .mixtures  correspond  to  sections  of  the  triangle  of  composition 
parallel  to  the  side  P  (Si)-Mo. 

Experiments  for  various  equimolecular  mixtures  containing  an  identical  molar  ratio  of  the  coordinated  ion 
to  the  central  ion  Mo/P(Si)  corresponded  to  sections  through  the  apex  of  the  trungle  and  the  appropriate  point  on 
the  side  P(S.)-Mo. 

Other  sections  are  described  in  later  parrs  of  this  paper.  The  usual  form  of  graphical  representation  of  the 
results  of  physicochemical  anaiysis  are  unsatisfactory  in  the  present  case  because  the  composition  of  the  obtaned 
colored  compounds  diverges  sharply  from  the  1:1  ratio.  Consequently,  on  the  ordinates  we  have  marked  directly 
the  P/Mo  ratio  in  the  range  of  1  to  SO.  By  this  means  the  middle  of  the  abscissas  corresponds  not  to  the  rauo 
P.  Mo  -  1:1  (as  in  the  usual  diagram)  but  to  the  ratio  P:  Mo  =1:25. 

In  Fig.  2  are  shown  the  results  of  several  series  of  experiments.  Constancy  was  maintained  of  the  sum  of  the 
molar  concentrations  of  phosphorus  and  molybdate  f  each  series,  and  the  aciday  of  the  solution  was  also  held  at 
a  constan:  veluc.  Acidification  was  effected  with  suitunc  acid,  the  normality  of  the  solution  ir.  terms  of  sulfuric 
acid  IS  specified  for  each  scne»  of  experiments  below  Fig.  2.  The  optical  density  was  measured  on  a  FM  photo¬ 
meter  using  a  light  filter  vnth  an  effective  wave  length  of  465  mp. 

Examui..tion  of  the  plots  on  the  diagram  shows  that  .n  each  series  of  experiments  there  is  a  maximum  in  the 
optical  density,  which  indicates  the  formation  of  one  colored  co.mplex  compound  in  the  given  series.  The  maximum 
in  each  series  is  observed  at  a  different  molar  ratio  of  phosphate  to  molybdate  in  solution.  For  those  series  of 
experiments  in  which  the  acidity  was  [H+]  -  0  03-0  085  N.  tl»e  maximu.m  of  optical  density  correspoixis  to  the  ratio 
P:Mo  =  lTg4.  at  an  acidity  of  0  2  N  it  corresponds  to  P  Mo  =  1  19  (the  optical  density  at  P:Mo  »  1  12  and  J:24 
differ  :!  .jhily  from  the  maximum)  in  weakly  acid  solutions  (0  01  N)  the  maximum  of  optical  density  corresponds 
to  P.  Mo  =  1: 12.  The  correlation  of  the  maximum  oi  optical  dersity  of  solutions  with  series  of  solutions  of  differing 
ratios  of  P:Mo  points  to  formation  of  complexes  of  different  compositioiis. 

•  Concerning  the  suitability  of  physicochemical  analysis  for  the  investigation  cf  such  systems,  we  may  note  that 
the  condition  of  equimolanty  of  a  series,  of  solutions  is  also  to  some  extent  arbitrary  in  view  of  the  undoubted  (if 
not  accurately  known)  polymerization  of  molybdate  Consequently,  apart  from  other  reasons,  we  believe  it  is 
necessary  not  to  limit  ourselves  to  the  examination  of  equimolecular  solutions  but  to  also  investigate  other  ratios 
(see  the  later  sections). 
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Fig.  2.  Normaht/  of  rfce  solution  w;th  tcspecf  to  wlfurjc  Fig.  3. 

acid  .  1)  0.01  N.  2)  O.W  .N.  3)  0.085  N.  4)  0.03  H 
5)  0.07  N. 


Tfce  optical  dcmiry  u  ‘cen  to  drop  sharply  in  all  the  senes  of  eitper  jneits  with  a  P:Mo  ratio  greater 
than  1:12,  indiciiii^  tie  .ormat'on  in  thee  e»per;inentai  conditions  of  a  colorless  complex  compound 
cor  tainirg  less  *har  12  a'oms  of  mciyndencm  per  atom  ot  p.-esphorus. 

In  Fig.  3.  -re  pitted  the  re.ults  of  some  er  es  of  e»pcr  Jiients,  w.th  a  cons*arit  sam  of  concentration 
of  moIyWa»e  a-d  pr.o-pf  i*e  .r.  oiufo*  of  i25  10  *  mo’e'_i  ire  varioj*  leres  d.feted  only  m  respeetto  the 
pH  of  the  solut.o'..  Tr  e  pJj  .ales  o*  .rdi.  d.a  $e;  es  laiged  from  0.7  to  2  0.  Nime  acid  was  the  acidifying 
age"t  The  co'.or  .''♦cf  of  the  solutions  war  mea'-red  by  compa'ison  witn  a  sete.  o*  *»"datds  consisting 
of  po'^asssom  chromate  Cid  bora*  fr;  tr.e  diagram  the  corv*'  '•  o’’:e'po''.ding  to  the  color  inTensi»v  of  the 
csperimertal  sol•.t.o.^»  *re  repreented  by  sol'd  ixes.  The  b’oxen  Ires  represent  the  color  theoretically 
calculated  for  toe  ca.e  of  comp  e'e  bo^d  r.g  of  pr.ospr.ate  r  cempie*  compou’‘i*  cortairu-g  a2  to  24  atoms 
of  molybdenum  per  at^^m  ot  pnospriotus. 

Inspectio::  o*  •■r<  ca-ves  r2vea!s.  as  ir  tne  above -described  exper.meMs,  that  at  h.gher  ac*dit;es 
(pH  =  0.7*1  3)  tr.e  ma>  jnem  color  of  the  solutions  occurs  at  ratios  of  P  Mo  =  1  24.  and  that  at  pH  -  2.0  tlic 
color  maximum  occurs  at  a  rar.o  of  1.12.  The  g’ea*est  dista’'ce  between  the  solid  a'xi  the  b'oKen  tires 
occurs  in  tfe  porticn  of  the  dagram  to  the  left  of  the  mavmium  of  irtens  ty.  which  confums  the  formation 
of  a  colorless  ccmplek  wren  tnere  .s  e>cess  of  phosphate  in  t.he  solu*ion  The  distance  between  the  solid  lines 
corresponding  to  the  expe:ime'’tal  data  fo.  pH  values  oi  0.7  to  1.3  and  the  broken  line  corresponding  to  the 
color  theoretically  calculated*  for  the  case  of  cumple*e  bindirg  of  phosphate  into  the  colored  complex  with 
a  ratio  of  P:Mo  =  1  24  decrea>e>  with  i.ncreasing  molybdate  co’^te.r*!.  A  similar  dependence  is  found  for  the 
curves  at  pH  =  2  for  tr.e  *tieo:e»ically  calculated  coio’  ir  the  condition  of  complete  bonding  of  phosphate  in  the 
colored  comp'ex  w/r.  a  r**:o  of  P.  Mo  =  1. 12.  Hcroe  with  incrcas.'  g  excev  of  molybdate  in  the  soliition.  no 
new  complexes  are  formed,  a'd  more  complete  iirkirig  of  pto-phate  to  tr  e  colored  complex  is  observed. 

The  follow .r.g  mam  conclususiii  can  be  drawr.  from  the  desenbeo  e»pc'iments.  The  maxmium  of  optical 
density  of  equimolecular  mixtures  of  phospha*e  a'ld  molybdate  at  a  ph  of  about  2  is  observed  wi*h  a  ratio  of 

•Calc'uUtu...  was  performed  or.  the  bas.s  of  the  vaiue  of  trie  .T.olar  at.sorption  coefficient  measured  ir*  presence  of 

a  considerable  excess  of  moJvbdate 
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P:  Mo  =  i:  12,  asd  in  a  series  of  caics  with  pH  of  0.7  to  1.3  the 
maximuni  is  at  P:  Mo  =1:24.  The  latter  results  justify  fiie 
inference  that  in  certain  conditions  a  more  complex  phcspho- 
-molybdic  acid,  containing  24  atoms  of  molybdenum  per  atom 
of  phosphorus,  u  formed.  The  formation  of  such  compounds 
may  be  correlated  with  the  higher  degree  of  polymerization 
of  molybdate  in  acid  solutions.  Since  the  degree  of  polymeri¬ 
zation  of  molybdate  is  not  known  at  present  with  sufficient 
reliability,  the  above  results  may  be  regarded  as  preliminary 
(see  also  the  observation  on  p.  391).  It  is  significant,  however, 
thr*  in  the  system  silicare-molybdate  (see  below)  the  maximum 
cf  oi«(tcaI  density  in  equimolecular  mixtures  corresponds  only 
to  the  ratio  Si:  Mo  =  1:12.  Moreover,  as  was  remarked  above, 
the  optical  density  sharply  increases  in  the  system  phosphate- 
molybdate  with  ruing  temperature.  At  the  same  time,  the 
position  of  the  optical  density  maximum  also  shifts  in  such 
a  manner  that  at  a  temperature  of  6C*xi  all  cases  the 
maximum  corresponds  to  the  ratio  P:  Mo  =  1:12.  Fig.  4 
shows  the  data*  obtained  for  equinxilecular  rmxtures  at  60*. 


Results  obtained  for  the  system  silicate -molybdate  are  presented  in  Fig.  5.  They  confirm  the  conclusions 
of  I.  V.  Tananaev  [5]  about  the  formation  in  solution  of  a  colored  compound  with  a  ratio  of  Si:  Mo  =  1:12.  In 
view  of  the  above  data  for  tl^e  dependence  of  the  color  on  the  duration  and  order  of  mixing  of  the  solutioru. 
experiments  were  carried  out  in  the  following  way:  Acid  was  added  to  the  dilute  solution  of  silicate,  mixing 
was  pei  formed  and  immediately  after  that  the  molybdate  was  added.  The  optical  density  of  the  solutioru  was 
measured  after  10  minutes  and  1.  4  and  24  hours. 


The  maximum  of  optical  density  is  much  lower  in  solutioru 
of  the  silicomolybdic  and  of  the  phosphomolybdic  complexes  than 
the  value  calculated  for  the  conditions  of  full  binding  (see  the  broken 
and  solid  lines  in  Figs.  3  and  5).  This  signifies  appreciable  dissocia¬ 
tion  or  partial  irreversible  decomposition  of  the  complex  in  the 
absence  of  excess  of  molybdate.  Thu  inference  was  checked  by 
experiments  using  a  solution  of  phosphomolybdic  acid  previously 
isolated  ui  the  pure  form.  When  a  10**  molar  solution  of  the 
acid  was  twice  diluted,  the  optical  density  fell  by  a  factor  of  3. 
which  confirms  the  fall  in  the  number  of  absorbing  light  cenien 
on  dilution.'  The  same  result  was  obtained  in  the  case  r.f  presence 
of  sulfuric  acid  in  a  phosphomolybdic  acid  solution.  Introduction 
of  excess  of  acidified  solution  of  molybdate  interuifies  the  optical 
density  of  the  solutions. 

Concerning  the  effect  of  pH  the  foregoing  data  make  it 
clear  that  at  pH  =  2  the  formation  of  colored  compounds  is  intensified, 
but  at  higher  acidities  (pH  =  0.7  and  less)  the  color  of  solutions  of 
phosphomolybdic  acid  u  leu  intetue.  A  certain  optimum  acidity 
of  solution  is  also  observable  with  the  silicomolybdic  complex  but 
the  dependence  is  a  more  complex  one  due  to  the  irreversibility 
of  the  process. 


Fig.  5. 


Study  of  solutions  with  comtant  concentration  of  the  central 
ion  and  variable  concentration  of  the  coordinated  ion  These 
solutions  correspond  to  the  Kctior.  of  the  triangle  of  ccmpositioa 
elong  lines  parallel  to  the  side  S-Mo.  This  section  permits  the  determination  of  the  degree  and  character  of 
the  effect  of  excess  of  the  coordinatable  ion  which  is  the  reactant  in  the  conditions  of  colorimetric  analysis. 
Some  data  for  the  phosj^omolybdic  complex  are  given  in  Table  2. 


The  results  show  that  with  increasirg  concentration  of  molybdate  the  color  intensity  increases  but 
Subsequently  remains  nearly  constant,  this  stage  corresponding  to  complete  binding  of  the  phosphate  in  tfic  colored 
complex.  At  a  pH  of  about  1. 7-2.0  with  a  very  large  excess  of  molybdate,  the  color  weakens,  evidently  due  to 


•  The  data  were  obtained  by  comparing  the  heated  solutions  with  starxJatd  solutions  of  chromate  (these  were  not 
heated),  because  measurement  of  optical  density  at  60*  is  uiconvement  with  the  help  of  a  photometer. 
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TABLE  2 


Prep. 

Molar  cone.  |_ 

Molar  cone,  of  phosphate 

No. 

of  molybdate ; 

■Cp  =  1.0-10'^  Cp  =  2.0-10-* 

L 

pH  of  solution 

!2.0{1.7'i.3  l.Oj  0.7*  L  Oj  1.7!  1.3|  1.G|0.7 


conespo.rls  to  cclot  of  chromate  (mg/1) 


1 

1 

48 

f 

■3 

14 

T 

10 

— 

,12 

24  :16 

8 

2 

88 

1 

8 

14 

20 

24 

- 

*16 

30 

36  '38 

28 

3 

124 

8 

^■24 

22 

— 

16 

28 

40  ‘44 

j40 

4 

224 

8 

12 

124 

|28 

28 

12 

24 

36  j48 

150 

S 

324 

6 

8 

24 

•26 

26 

12 

1 

16 

38  l48 

*52 

secoiviary  p:occise$  developed  under 
the  influence  of  anions  of  the  actds 
which  were  introduced  Into  the 
solution  for  the  purpose  of  acidifica¬ 
tion.  Binding  of  the  gieater  part  of 
the  phosphate  in  *he  colored  complex 
at  pH  =  I  rercssitates  a  molybdate 
excess  of  approximately  0.01  mole/L 
Very  similar  results  were  obtained  in 
other  series  of  experiments  with 
acidification  of  a  solution  of  phosphate 
and  molybdate,  also  with  mixtures  of 
phosphomolybdic  acid  with  excess  of 
molybdate.  Consequently  the  puospho- 
molybdic  complex  u  appreciably 
disvKiated  in  the  absence  of  excess 
o*  -n^ybdate. 


Fox  the  characterization  of  the  stability  of  heteropoly  acids,  intetes*  attaches  to  determination  of  the  equili¬ 
brium  constant  of  the  reaction  between  the  central  and  the  coordinatable  ion.  This  determination  cannot  be 
performed  accurately  since  the  degree  ot  polymerization  of  molybdate  in  solution  is  unknosm.  On  the  basis  of 
experimental  data  we  can  calculate  the  concentration  of  phosphate  bound  into  the  complex  (P04MOjj  ])  from 
measurements  of  the  optical  density,  also  the  concentration  of  molybdate  ((MofreeD  not  bound  to  the  colored 
complex  and  that  of  the  phosphate  (IPC'4free3)  bound  to  the  colored  complex;  the  last  two  magnitudes  are 
calculated  from  the  difference  between  the  total  concentration  of  the  respective  ions  a’  ^  the  cotKentraiion  of 
the  colored  complex.  Such  a  calculation,  however,  must  be  regarded  as  apptoxunate  due  to  the  following  two 
facts:  a)  The  phosphate  and  mol>bdate  not  bound  into  the  colored  complex  can  partly  exist  in  solution  in  the 
form  of  colorless  complexes:  b)  the  molybdate  not  bound  into  the  complex  is  present  in  a  polynierized  form;  thus, 
if  the  total  number  of  coordinated  atoms  of  molybdenum  is  equal  to  x  =  n  -  m*.  then  the  equilibrium  in  general 
may  be  represented  by  the  scheme 


P04MOn.jj  5=5  POafree  ♦  n  Mo 


(1) 


A  study  of  the  shift  of  equilibrium  with  changing  concentration  of  mol>'bdate  can.  evidently,  only  permit 
us  to  calculate  the  value  of  ji.  since  this  term  determines  the  degree  of  influence  of  molybdate  on  the  equilibrium 
shift  of  the  formation  of  the  colored  complex. 

In  accordance  with  equation  (1)  we  can  write  the  equilibrium  expression: 


,  -  t-P<^4f  eeXMOmf 

complex 

Puning  (2)  into  logarithmic  fomi.  we  get: 

'»«  •'complex  =  "  '»» 

Putting  log  K^omplex  ^  *  (constant),  we  get: 


(PO4  MOx] 


(2) 

(3) 

(4) 


The  ratio  [P04*  MOx^’ **  determined  from  experimental  data  and  characterizes  the  degree  of 
bonding  of  piioi.phate  in  the  colored  complex.  This  ratio  depends  on  the  concentration  of  the  excess  of  molybdate: 
a  p-fold  change  m  the  molybdate  concentration  results,  in  accordance  wTth  equation  (2),  in  the  ratio  of  bound  to 
unbound  phosphate  changing  by  a  factor  of  p**;  in  this  way  we  can  calculate  the  magnitude  of  n.  Le.,  the  coefficient 
in  equation  (1).  This  calcular^on  is  more  conveniently  performed  on  the  basis  of  equation  (4);  if  we  plot  (in 
identical  srales)  on  the  abscissas  the  values  of  log  f  Mo^^)  and  on  the  ordiiutes  the  values  of 

log  (PO4-  Mo,;l/IK)4j,gg].  then  the  tangent  of  the  angle  of  slope  will  be  equal  to  t^^e  value  of  n.  Some  experimental 
•  Usually  X  *  12. 

Arbitrary  symbols  are  introduced  into  this  equation  in  order  not  to  confuse  the  study  of  the  equilibrium  by  any 
coixeprs  on  tlie  basis  of  tbe  study  of  the  derived  equauon  (la)  (sec  below). 
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and  calculated  value:  are  enu.neratei  in  lable  3. 


TABLE  3 


Expt. 

No. 

•  Molar  cone, 
j  of  molybdate 

j  C-10^ 

htolar  cone,  of  phosphate  2  •  10“* 

PH  »  1.0 

corresponds 

to  color  of 
chromate 

f^undJ 

C-10* 

1  P^°f.'ec3 
j  c-io' 

i 

1-  1 

logQdOfreel 

1 

f 

“leg  K^tnplex 

1 

1 

1 

1 

1  C'fteel 

1 

[Pfree] 

1  1 

48 

le 

0.66 

1  0.49 

1  40.06 

1 

-0.31 

-2.40 

9.29 

2  ' 

88 

38 

1.58. 

j  3.76 

69.04 

0.58 

-2.16 

9.22 

5 

124 

44 

1.83 

10.8 

1C2.C* 

1.03 

-1.99 

8.99 

4 

324 

48 

2.00 

'  -  1 

1  - 

.. 

5 

48 

1 

0.63 

!  0.46 

40.44 

-0.34 

-2.39 

9.22 

6 

88 

1  36 

1.63. 

4.40 

'  68.44  ' 

0  64 

-2.17 

9.32 

7 

124 

i 

1.82 

10.10 

102.16 

1.00  j 

!  -1.99 

8.96 

« 

,  324 

44 

2.00 

1  “  1 

— 

-  j 

- 

- 

«  1 

48 

12 

0.60 

1  0.43 

40  80 

-0.37 

-2.39 

9.19 

10 

88 

32 

1.60 

;  4.00  1 

68.80 

0.60 

-2.16 

9.24 

i 

124 

36 

1.80 

1  9.00  ' 

102  40  ; 

;  0.95  j 

-1.99 

8.91 

12  1 

324 

40 

2.00 

1 

i  ■  i 

^  1 

I  ■  i 

— 

■  — 

E>perlnients  1  to  4  were  performed  in  pretence  of  mtric  acid,  5  to  6  m  pretence  of  hydrochloric  acid, 
and  9  to  12  m  pretence  of  sulfuric  acid. 


The  data  of  Table  3  show  that  a  slight  increase  in  molybdate  c'rncentration  sharply  shifts  the  equilibrium 
of  (1).  Calculation  of  the  value  of  ^by  the  above  procedure  gives  3.7  and  4.3  (see  Fig.  6). 

The  presented  data  for  the  value ^~4  to  tome  extent  are  consistent  with  the  formula  for  photphomolybdlc 
acid  l^[P[MoPii)J.  and  not  with  the  formula  H7[P(Mos07)|].  If  we  assume  that  dissociation  of  the  colored 
complex  yields  free  phosphate  arid  molybdic  anhydride  with  a  polymerization  factor  of  3  (ro  *  3).  then  on  the 
basis  of  study  of  the  equilibrium  we  may  express  equation  (1)  in  the  form*: 


P(MoAs)4“  ^  PO;‘'4>4<MoO|)^  (la) 


The  last  column  of  Table  3  conuins  the  negative 
logarithms  of  the  equilibrium  c'^nstant  of  the  phosphomolybdlc 
complex  calculated  on  the  basu  of  n  »  4.  The  equilibrium 
constants  calculated  on  this  assumption  are  sufficiently 
constant  with  a  fairly  large  change  of  molybdate  concentration 
at  well  at  of  the  pH  of  the  solution  (icT  other  experiments).  On 
the  basis,  there '^re.  of  the  above  data  we  can  assume  for  a  pH 
of  1.0  that: 


„  ^  [po:":r(\ioo.).i* 

•^complex  [P(MoPj,);-l 


*5.6*  10‘“.  The  mean 
value  IS  given. 


This  value  enables  us  to  calculate  that  bonding  of 
phosphorus  to  the  extent  of  99^  in  the  colored  complex  takes 

place  at  a  concentration  of  [btofjgel 

This  result  is  in  satisfactory  accord  with  the  preceding  experimental 
data. 


*  The  state  of  molybdate  in  strongly  acid  solution  has  not  been  adequately  studied.  Consequently  the  formula 
(KloO|)i  must  be  considered  an  arbitrary  expression  of  the  state  in  which  it  exists  in  the  dilute  mclybdic  liquid. 

The  above-described  experiments  permit  the  possibility  of  determination  of  only  the  coefficient  4.  since  the 
equilibrium  of  complex  formation  changes  in  dependence  on  the  fourth  power  of  the  concentration  of  the  excess 
molybdate.  The  polymerization  factor  of  3  has  not  been  experimentally  proved,  and  is  merely  an  inference  from 
the  over-all  composition  of  the  complex  (12  atoms  of  molybdenum  per  atom  of  phosphorus)  and  from  the  coefficient  4. 


A  connderablc  shift  of  equilibrium  is  likewise  observed  f-r  the  sUicomolybdic  complex  on  Introduction  of 
excess  of  niol>1>date:  when  this  excess  L*  about  8*  10"*  molar,  the  optical  den»’ty  becomes  almost  constant,  he. 
there  is  substantially  complete  bonding  of  silicic  acid  in  the  colored  complex.  5«mc  data  obtained  1  hour  af.cr 
mixung  of  the  imtial  solutions  are  submined  in  Table  4. 

Hence  the  general  character  of  the  dependence,  and  also  the  concentration,  at  which  a  colored  complex 
IS  formed  is  roughly  the  same  as  for  the  phosphomolybdic  complex,  although  the  silicoroolybdic  complex  is 
dutinguished  by  less  dlss  jciatic*’  Data  are  given  below  for  the  stability  of  the  silicon. olybdx  complex  lu 
presence  of  excess  of  citric  acid  and  phosphate  ion.  Due  to  the  instability  of  the  equilibrium  of  formation  of  the 
sUicomolybdic  complex,  more  detailed  calcnlat  "os  were  not  undertaken. 

Investigation  of  solut tons  with  constant  corcentratiot:  of  molybdate  ,and  varying jCOjice*?*’***®®-?L*? -P*!*?*l 
ion  pf  the  complex  and  comparison  of  the  stabUity  of  the  comple»et.  These  series  of  experiments  corresponded  to 
the  'ection  of  the  composition  triangle  along  li'^es  parallel  to  the  S— f[S<)  side.  This  section  permits  examination 
of  die  effect  of  excest  of  central  ion. 

Results  of  experiments  with  the  phosphomolybdic  complex  snowed  that  increasing  concentration  of  phosphate 
in  solution  up  to  a  P:  Klo  ratio  of  more  than  i:l2  was  accompanied  by  weakemng  of  the  color  intensity,  which 
indicates  a  shift  of  equilibrium  in  the  direction  of  formation  of  a  colorless  complex  containing  less  than  12  g-atoms 
moiybda'e  per  g-ion  phosphate. 

A  different  effect  of  increasing  silicate 
concectration  in  solution  was  observed  for  the 
sUicomolybdic  complex.  With  increasing  silicate 
concentration  the  optical  density  of  die  solutions 
at  first  rises  and  then  remains  constant  even  with 
a  ratio  of  SiiKto  considerably  higher  than  1:12. 

The  da»a  indicate  that  Lncreasing  coocenuatlon 
of  silicic  ac  id  in  solution  does  not  lead  to  the 
formation  of  new  complexes. 

Apart  from  an  examination  of  the  conditions 
of  formation  of  sUicomolybdic  and  phosphomolybdic 
complexes  in  solution  a  study  was  also  made  (for . 
the  purpose  of  general  characterization  of  the 
equilibrium)  of  the  corditior.s  of  decomposition 
of  the  cempiexei  under  the  action  of  reagents 
combL'^ed  i*'  the  molybdate  complex. 

The  e»perimerti  enabled  us  to  obtaL"  comparative  da»a  for  trie  stabiii’y  of  the  suicoraolybdir  and 
phospi.oinolybdic  ccynplexes.  Addition  of  exces>  of  phosphoric  acid  xo  n.e  »*.)iu:iop  of ’he  dlicomolyoolc  complex 
does  nor  lead  »o  appreciable  fall  in  the  intensity  of  color  of  the  sdu’ions.  whereas  solution  i  of  the  phosphomolybdic 
complex  are  decolorized  in  simUar  experimental  conditions.  The  obtained  results  demonstrate  the  great  stability 
of  the  sUicomolybdic  complex  in  comparison  with  the  i^ospnomoiybdic  complex. 

Addiiior.  of  citric  acid  to  siIicomo1ybda*e  lOlutior  does  r  ot 'cl^arge  the  color  intensity;  the  same  treatment 
decomp»ses  the  i^o.-phomolvbdic  complex.  The  results  of  these  e.xperimenrj  confirm  the  greater  stabUity  of  the 
sUicomolybdic  complex  ir*  comparison  with  the  phosphomolybdic  complex. 

SUMMARY 

1.  The  equUibrium  conditions  in  solution  of  phosphomolybdic  and  sUicomolybdic  complexes  are  considered. 

In  solutions  of  the  phosphomolybdic  complex  tiic  processes  are  reversible,  ti  solutions  of  the  sUicomolybdic  complex 
irreversible  proceises  are  observed  which  are  associated  with  the  colloidal  character  of  sUicic  acid. 

2.  The  composition  of  colored  phosphom'olybdates  in  solution  was  examined  by  the  method  of  physicochemical 
analysis.  The  obtained  data  indicate  that  in  some  cooditioni  the  formation  is  possible  of  a  phosphomolybdic  acid 
coRtainung  24  atoms  of  molybde'.um  per  atom  of  phosphorus.  On  h^aur.g  to  60*  oaly  a  compound  with  a  P:  Mo  ratio 

of  1.12  is  obser/ed  to  be  formed  For  the  sUicomolybdic  complex,  in  2II  conditions  a  compound  with  the  ratio 
Si:  Mo  =  1:12  in  formed. 


TABLE  4 


Expt.  !  Molar  cc.-K.  'Molar  core,  of  sili  te  2  •  10~^ 
No.  of  molybdate  pH  of  solution _ 


CIO* 

2.0 

i  1-3 

1.0  !  0.7  1  0.3 

light  absorption  of  solution  log*^ 

1 

• 

24 

.0.14 

1 

0.08 

I - 1 - 

0.02  ‘  O.CO  - 

2 

48 

0.26 

0.26 

0.17' 0.02  j  - 

3 

88 

0.26  1 

0.29 

0.2b  0.10  - 

4 

124 

0.26  1 

0.29 

029.0.21!  - 

5 

224 

0.21  : 

:  0.29 

0.29’  0.26!  0.03 

6 

324 

0.22 

0.29; 

0.29  0.29  ‘  0.04 
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3.  The  dissociation  coauax  i  of  the  phosphomolybdic  complex  wa*  •ieierv..ned:  i: 


tPO“‘“3[(KioCL)J^ 

Kcomplex- 


=  5.6-10‘“ 


4.  An  examination  was  made  of  the  corJi^ons  of  decompositioa  '►f  the  complevx*  o*'der  the  influence 
of  excess  of  hydrogen  iona  phosphoric  acid,  and  various  complex-formers  which  bind  molibdai-.  The  silico- 
roolybdic  complex  is  characterized  in  all  cases  by  a  higher  stability  by  comparison  with  the  t^.r  phomilyWic 
complex.  Decomposition  of  the  complex  during  standing  of  the  solution  is  associated  with  Ircvenible  fonnatioa 
of  silicic  acid. 
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CRYSTALLINE  ORGANOLITHIUM  COMPOUNDS 


ETHYLLITHIUM 

T.  V,  TaUUeva  and  K.  A.  KocheshkoT 


Existing  methods  of  synthesis  of  organolithium  compounds,  with  a  few  exceptions,  yield  solutioos  (moee 
rarely  suspensions)  of  the  compounds.  Usually  the  solution  of  the  organolithium  compound,  containing  (apart  from 
RLi)  lithium  salts,  alkyl  halides  and  bydrocaibons.  is  brought  into  further  reactions.  A  remarkably  large  number 
of  diverse  syntheses  employing  solutions  of  organolithium  compounds  has  been  described.  The  characterization 
(chemically  or  physicochemically)  of  organolithium  compounds  as  such,  however,  necessitates  isolation  of  the 
pure  compound  or  its  solution. 

We  were  interested  in  the  preparation  of  pure,  crystalline  ethyllithium  (a  most  interesting  compoocd  for 
the  study  of  exchange  reactions  with  organoelement  compounds)  with  the  objective  of  developing  methods  of 
synthesis  of  pure  aromatic  or  al static -aromatic  compounds  of  lidiiuro. 

Judging  by  the  exchange  reaction  with  tetrapbenyllead.  ethyllithium  is  the  most  active  representative 
of  the  ra.i  series  [1]  : 

CjHjL:  >a-C,H,U  >n-C4H,U  >CH,U  =€11. 

‘  It  is  also  sign'ilrant  that  ethyllithium  may  be  recrysulUzed  C2]  or  sublimed  in  high  vacuum  C3]. 

Up  to  now  the  tyr>uesis  of  a.nall  quantities  of  ethyllithium.  up  to  0.7  g  of  crude  material,  has  been 
performed  in  sealed  vessels  .toder  nitrogeo.  by  ihe  action  of  lithium  on  diethylmercury:  yield  up  to  93^  [41 

(C*Hj),Hg  ♦  2U - ►  2C|H4Li  ♦  Hg 

This  method  could  not  be  widely  adopted  owing  to  the  very  high  toxicity  of  the  initial  mercury  compooad. 

Apart  from  this  method,  the  literature  contains  a  brie^  -eference  to  the  possibility  of  synthesis  of  a  small 
quantity  of  ethyllithium  (no  indication  of  yield)  by  the  action  of  lithium  on  ethyl  chloride  followed  by  removad 
of  the  solvent  and  isolation  of  the  pure  ethyllithium  by  sublimation  in  vacuum  (5} 

The  method  of  preparation  which  we  have  developed  for  pure,  crystalline  ethyllithium  is  based  on  reaction 
of  lithium  with  ethyl  bromide  followed  by  its  separation  from  the  lithium  bromide:  for  this  purpose  advantage  is 
taken  of  the  differing  solubUity  in  benzene  and  isopentene  (or  hexane) 

CtUsBr  ♦  - ►  CjHjU  ♦  UBr. 

We  performed  Ac  reaction  of  erhyl  bromide  with  lithium  In  a  medium  of  isopentene  (mixture  of  penteoes) 
with  b.p.  27-36*.  a  grey-violet .  heavy  precipitate  was  obtained  which  consisted  of  a  mixture  of  lithium  bromide  and 
e  Ayllithium  On  addition  of  bcnzer.e,  the  isopentene  was  distilled  off  and  Ae  ethylliAiu.n  went  over  in  Ae  solvent 
(leaving  a  residue  of  liAium  bromide  and  excess  lithium).  Or  cooling  we  obtained  transparent  solutions  of  eAyl* 
lithium  wiA  an  eAylliAium  yield  of  65>  Subsequent  distillaaon  of  a  portion  of  the  benzene  enabled  isolation 
of  crystallAe  ethylliAlum  (yield  30-35^).  After  one  .ccrysullization  from  hexane  we  obuined  pure  ethyllithiuin. 
AlToperations  in  the  preparation  and  Isolation  of  eAylliAium  must  be  performed  In  an  atmosphere  of  pure  nitrogeia. 
It  Acxild  not  be  forgotten  Aat  eAyBitnium  inflames  immediately  when  it  comes  mto  contact  with  air:  flaming 
and  carbonization  of  the  preparation  Is  observed  even  on  sealing  into  tubes  msufficiently  carefully  fUlcd  wiA 
nitrogen.  The  residues  in  Ae  reaction  flask  after  preparation  of  eAyllithium  (lithium  bromide,  lithium,  residues 
of  C|H(U  solution)  must  be  quickly  decomposed  (otherwise  a  fire  may  occur  on  access  of  air).  Decompo>itjon  is 
effected  by  addition  of  benzet>e.  then  (carefully)  of  ethyl  alcohr^ 

EXPERIMENTAL 

Pteparation  of  Crystalline  Ethyllithium 

a)  Preparation  of  ethylUAium  in  an  isopentene  n  rdium  was  made  of  a  500  ml  3-necked  flask 
connected  by  ground-glass  fittings  with  a  mercury  seal,  a  refiu*  conde  *er,  a  dropping  funne  atxl  a  nitrogen 
feed  tube  (the  latter  also  serves  for  sinhonir.g  the  solution)  (Fig.  1).  TLa  dropping  funnel,  for  equalizing  Ac 
pressure,  is  connected  through  a  Aree-way  cock  with  the  maogen  tube.  For  purification  of  the  nitrogen  see 
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reference  6.  A  l«)ad  funnel  is  inserted  in  Ae  vessel  (through  the  ground-glass  connection  for  the  condenser).  200  ml 
isopentere  is  poured  in  and  a  nitrogen  stream  is  passed.  A  veighed  amo'Uit  of  lithium  (3.8  g  or  0.56  g-atom)  is 
beaten  into  a  sheet  about  1  mm  thick,  strips  5-7  mm  wide  are  cut  from  it,  p^urified  from  the  oxide  film,  and  quickly 
cut  with  scissors  o\’er  a  funnel  in  a  stream  of  nitrogen  into  about  90.'  ?50  pieces. 

The  reflux  condenser  (attached  to  a  drying  system*)  is  laeu  connected  up  and  the  apparatus  is  filled  with 

nitrogen.  In  the  dropping  funnel  is  placed  21.8  g  ethyl 
bromide  (0.2  mole),  about  1/8  of  the  loul  volume  is 
run  in.  and  the  stirrer  is  started  up. 

.  The  reaction  starts  sponuneously  after  15*20 
minutes  of  vigorous  stirring  at  the  boiling  point  of 
isopentene  (in  some  cases  the  reaction  only  starts 
after  2-2^  hours).  Start  of  reaction  is  marked  by 
spontaneous  boiling,  appearance  of  rapidly  increasing 
turbidity,  and  then  by  a  precipitate.  Pieces  of  lithium 
smk  to  the  bottom  of  tiie  flask.  In  roughly  10  minutes 
after  the  start  of  the  reaction  the  reaction  mass  becomes 
completely  opaque.  The  color  of  the  precipitate  varies 
f'om  light-grey  to  dark-grey;  sometimes  it  Is  violet. 

'ihe  remainder  of  tne  ethyl  bromide  Is  added  in  small 
portions  (uniformly)  over  a  period  of  3-^  hours,  after 
which  stirring  is  contLnued  with  gentle  boiling  until 
bubbles  cease  to  rise  from  the  vicmi*y  of  the  lithium  particles  (observation  is  made  with  heating  suspended), 
this  takes  lj*-2  hours.  The  total  duration  of  the  reaction,  srarting  from  the  addition  of  ediyl  bromide,  it  5-6 
hours  (in  isolated  instances  up  to  7-8  hours). 

b)  Preparation  of  benzene  solution  of  ethylllthium.  To  the  reaction  mixture  is 
added  100-120  ml  berizene,  heated  to  30-35*.  By  turring  the  ground-glass  connection 
the  condenser  is  converted  into  a  sloping  one  (Fig.  1)  to  which  is  attached  a  receiver . 
(cooled  with  let  and  water),  and  with  contii'ued  stirring  170-180  ml  isopentene  is 
distilled  off.  At  the  conclusion  of  the  distillation,  the  stirrer  is  stopped  and  a  small 
buret  (100  ml)  is  attacned  for  jettlement  of  the  solution:  the  buret  is  filled  with 
nitrogen  (Fig.  2).  The  tap  conr:Cctlng  the  condenser  to  the  drying  system  is  then 
closed,  the  s:  hon  i:  lowe.red  and.  with  co.^tinued  heating,  the  solution  with  a 
considerable  amount  of  preclpirate  is  forced  over  with  solvent  vapors.  The  vessel 
contai-'^ing  the  solution  is  disco.nrected  and  cooled  at  room  temperature  in  a  weak 
current  of  -itrogen  After  standi' g  fo-  12-14  hours  there  is  obtained  a  perfectly 
tra- -parent,  colorless  (sometimes  slightly  yellow)  solutior  of  ethylllthium.  The 
volume  of  the  sQiutio.?  i:  90-100  ml:  the  concentration  of  the  benzene  solution  of 
ethylllthium  is  about  1.25-1.28  N:  yield  of  ethylllthium  reaches  65^. 

c)  Isolation  of  crystalline  ethylllthium.  The  apparatus  for  isolation  of  crystalline 
ethyllithium  consists  cf  a  three-neci^ed  r.iuogen  tube  (Fig.  3)  of  120  ml  volume, 
connected  to  a  condenser  and  receiver  and  fitted  with  a  filtration  device  [7j.  Through 
the  apparatus  is  passed  about  8-10  volumes  of  nitrogen  ^in  relation  to  the  volume  of 
the  apparatus)  The  tap  of  the  settling  buret  is  joined  to  the  nitrogen  tube  by  means 
of  a  length  ot  thick-walled  rubber  tubing:  the  buret  irconnected  by  a  three-way  cock 

with  the  nltrogeD-«upply  system,  and  the  transparent  benzene  >olution  of  ethyllithium  u  run  into  the  nitrogen 
tube.  The  upper  exit  is  then  clo>ed  (Fig.  3).  a  gentle  stream  of  nitrogen  is  run  through  the  cotxlenser;  and 
about  50-60  cc  of  benzene  is  distilled  off.  To  tne  residue  in  the  nitrogen  tube  is  added  20  ml  dry  isopentene 
ard  the  mixture  is  cooled  with  ice  and  salt.  Tne  separated  crystals  are  removed  from  the  sides  and  nirred. 
the  lumps  Iteir^  crushed  with  a  curved  rod  passed  through  the  upper  end  of  the  nitrogen  tube:  the  mass  is  then 
filtered  oa  a  porous  glass  filter  [7],  washed  3-4  times  with  dry  penta'^e  and  dried  (with  passage  of  nitrogen  and 
heating  to  40-60“)  for  30  minutes,  for  filtrarior  and  charging  into  ampoules  under  nitrogen,  see  reference  7. 

•  Tubes  containing  phosphorus  pentoxide.  calcium  chloride  and  sulfuric  acid. 
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Use  IS  made  for  analysis  of  thln-walled  ampcy’es  into  each  of  which  Is  introdisced  about  0 ,*-0.05  g  lubttancc 
(see  below  respecting  analysis  of  crystalline  eihyllithluxn).  The  yield  of  crystaliioe  ethyllidiium  s.  about  2. 5-2.3  g 
or  35-33^. 


Ethyllith^ni  b  obtained  in  ibe  form  of  n 
perfectly  white.  ciystaUine  pr*wder  with  nn.p.  W* 
(sk  *h  decomposizion;  detenrined  in  a  capillary 
filled  with  nitrogen).  The  literature  reports 
m.p.  about  90*  widi  decomposition  [SX 

Found  U  18.91.  19.00.  CtHfU. 
Calculated  V  U  19.33. 

After  recrysulliaation  from  n-bexane. 
found  U  19.10.  19.16. 

Ethylliiiuuni  readily  dissolves  in  boiling 
benzene  and  bexane:  on  cooling  it  readily  forms 
supersaturated  solutions^  Solubility  in  pentane 
(b.p.  28-38*);  about  1  g  ethyllithium  b  contained 
in  100  g  solution  at  18*  (approximately  0.2  N 
solution):  in  isopentene  (b.p.  27-35*)  about  3  g 
ethyllithium  b  contained  in  100  g  solution  at  16*  and  about  2  g  ethyllithium  at  0*;  in  bexane  (b.p.  69*)  at  55*. 

100  g  solution  contains  about  9.5  g  ethyllithium  .and  at  18*  the  ethyllithium  content  b  about  6  g;  in  benzene; 
at  16  100  g  solution  contains  about  7  g  ethyllithium  (the  solution  is  approxinutely  1.66  N).  The  solubility 
in  absolute  ether  at  18*  ir  very  high. 


The  yield  of  crystalline  ethyllithium  attains  values  of  10-20^5»  when  preparation  b  carried  out  in  the  same 
conditions  in  a  medium  of  pentane. 

1 a_tlon  of  Ethyllithium  in  Ether  Solution  Followed  by  Transfer  to  Benzen c  Solution 


The  previously  described  all-glass  apparatus  (Fig.  1)  b  used.  Into  the  flask  are  introduced  130  ml  absolute 
ether  and  4  g  (0.57  g-atom)  thinly  sliced  lithium  (see  above).  The  first  portion  of  ethyl  bromide  is  run  in  with 
stirring:  vigorous  boiling  starts.  The  flask  b  lowered  into  Ice  water  and  the  ethyl  bromide  b  run  in  at  such  a 
speed  that  3ie  vigorous  boiling  of  the  ether  does  not  cease;  thb  requires  a  period  of  20  minutes.  21.8  g  ethyl- 
bromide  (0.2  mole)  is  introduced  in  all.  Addition  is  next  made  of  120  ml  dry  benzene,  the  condenser  it  turned 
into  the  sloping  position  and  the  ether  is  distilled  off  with  uninterrupted  stirring.  The  solution  b  dark-grey 
(nearly  black):  with  progressive  distillation  of  the  ether  a  white  precipitate  forms.  The  volume  of  dbtlllate 
Is  about  130  ml.  The  warm  solution  is  siphoned  into  the  butet  under  nitrogen  for  the  purpose  of  settlement  (Fig. 2). 

about  30  minutes  the  solution  is  nearly  transparent.  For  complete  clarification  It  b  left  to  stand  overnight. 
Analysis  of  the  solution  gives  an  ethyllithium/ lithium  bromide  ratio  of  approximately  20:3.  When  concentrated 
under  nitrogen  .the  solution  deposits  a  precipitate  containing  ethyllithium  and  lithium  bromide  in  the  ratio  of 
10;  7,  while  the  filtrate  contains  these  substances  in  the  approximate  ratio  of  7:1.  It  was  not  possible  to  isolate 
pure,  crystalline  ethyllithium  by  thb  method.  The  obtained  benzene  solution  of  ethyllithium  may  be  utilized 
for  further  reactions. 


The  greatest  difficulty  in  the  analysis  of  isolated  organoalkali  cQmpounds  b  die  weighing  out  of  the  readily 
Oxidized  aixl  for  the  greater  part  readily  inflaming  compound  A  dry  ampoule  is.. therefore,  fust  filled  with 
nitrogen  vu  a  capilbry  and  then  closed  with  a  piece  of  thickwalled  elastic  rubber  tubing  plugged  with  a  glass  rod. 
In  tiie  instant  of  weighing  the  sample  (e.g  0.1-0.15  g  ethyllithium  or  0.3-0.4  g  phcnyllithium)'the  ampoule  b 
quickly  coruiected  (in  a  countercurrent  of  nitrogen)  with  an  apparatus  for  filtranoo  and  drying  of  isobted 
organolithium  compounds  (9)  The  tap  connecting  with  the  nitrogen  supply  b  then  closed  and  the  ampoule 
is  sealed  Thin-walled  ampoules  are  used  for  analysb. 


The  sealed  ampoule  b  pbced  in  a  thick-walled  Bunsen  flask  (volume  500  ml)  closed  widi  a  rubber  stopper 
through  which  b  passed  a  glass  rod  reaching  to  the  bottom  25-30  ml  pure,  dry  berzenc  b  run  into  the  flask  which 
is  then  filled  with  nitrogen:  the  ampoule  b  crushed  by  a  swift  movement  Ethyllithium  goes  into  solution  (phenyl- 
Ibhium  becomes  wetted  with  benzene).  With  the  stopper  sKphtly  loosened,  addition  is  made  of  5  ml  absolute 
alcohol  and  the  mixture  is  shaken  before  adding  50-100  ml  water.  Titration  is  performed  with  0.1  N  sulfuric 
acid  using  phenolfdithalein.  Nitrogen  b  passed  through  the  side  tube  of  the  flask  during  the  analysb. 
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Foi  the  anal^'sU  of  cthyllitnium  soluti^iu  It  proved  convenl  jai  to  employ  small  conical  flask,  ptovided 
with  two  taps  for  passage  of  nitrogen  (Fig.  4).  Into  3-4  small  fla»ki  was  first  introduced  a  snuU  quantity  of  benzene 
(otherwise  the  Introduction  of  the  e thy Uithlum  solution  would  result  in  violent  sputtering 


against  the  walls),  the  fla<d(S  were  stoppered,  linked  together  in  series,  and  a  dry 
nitrogen  stream  passed  through  for  10-15  minutes.  After  that,  samples  of  1-2  ml  were 
quickly  run  in  from  the  settling  buret  (Fig.  2)  and  decomposed  and  titrated  in  die 
usual  manner  [6,10]. 
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characterization  of  phthalimidineacetic  acid 

V.  M.  RodirpoT  and  E.  I.  Chukhina 


The  Tieihod  developed  in  our  laboratory  for  the  preparation  of  B -amino  acids  [1]  was  extended  in  1930  to 
the  synthesis  of  diraothoxyphthalimidineacetic  acid  [2]  and  in  ir44  to  that  of  phthalimidineacetic  acid  In 
these  investigations  it  was  shown  that  reart  ion  of  aromatic  o-aldehyde  acids  with  malonlc  acid  in  presence  of 
alcoholic  ammonia  yields  chiefly  ph’Jialimidincacetic  acid  (1)  or  its  corresponding  dimethoxy  derivative  (II) 


^CHO 

♦  NH,  ♦  CH|(COOH), 


CH 


< 


CHjCOOH 


COOH 


'  NH| 

COOH 


-H.O  ,CH^l%COOH 

CO 


(I) 

^CHjCOOH 


/CHO  CH^-CH,COOH  CH 

(CH,0),C,H*\  ♦  NH,  ♦  CHj(COOri), - >*(08,0),  C*i^/  'nh,  (CH,0),  C.H,^  /NH  (U) 

COOH  COOH  CO 


In  our  investigation  we  have  attempted  a  more  detailed  study  of  the  properties  of  phthalimidineacetic  acid 
(1).  With  this  objective  we  prepaied  its  ethyl  ester  amide  and  ureide,  and  carried  out  experiments  on  the  prepara- 
tion  of  the  conesponding  complex  dihydrouracil  from  the  urei.e  of  the  acid  according  to  the  scheme: 


,CH-CH,COCl 
C,H4<f  )nH 
CO 
(III) 


NHtCONH,  ^ 


,CH-Cll,CONHCONHt 
c^\  >NH 
CO 
(IV) 


CH  — 

C*H4/  /n-co-nh 

CO 

(V) 


In  studying  diese  reactions  it  was  found  that  the  chloride  of  pl;thalimidineace*ic  acid,  readily  prepared  in 
good  yield  (OB'jv),  condenses  with  urea  to  form  the  conesponding  ureide  (IV).  This  compound,  however,  does  not 
undergo  ring  closure,  and  the  complex  tricyclic  system  (V)  could  not  be  obtained.  In  all  the  experiments  either 
the  ureide  was  recovered  unchanged  or  the  o.^ginal  phthaliiridineacetic  acid  (I)  was  formed. 

Attempts  to  obtain  the  ureide  of  phthalimidineacetic  acid  by  the  action  of  urea  on  the  'thyl  ester  of  the 
acid  in  presence  of  sodium  etliylate  led  tothe  isolation  of  a  mixture  of  amide  and  ureide.  and  no  ring  closure 
was  detected. 


For  the  purpose  of  further  characterization  of  phthalimidineacetic  acid,  a  study  was  made  of  the  reaction 
of  the  acid  amide  with  KOBr  in  the  conditions  of  the  Hofmann  reaction.  Similar  investigations  with  B“amlno 
acid  amides  were  frequently  carried  out  successfully  by  Kanevskaya  [4]  and  in  our  laboratory  (5).  and  in  all 
cases  it  was  established  that  the  main  reaction  product  is  the  correspondiiig  imidazolone  derivative  formed  via 
the  isocyanate 


,KH-COR' 


KOBr 


CHjCONH, 


I 

RCH^ 


NHCOR' 


RC 


CHj.NCO 


< 


NH— CO 


CH,— NH 


In  *e  case  here  studied,  it  transpired  that  the  reaction  proceeds  in  a  somewhat  more  complicated  manner: 
in  place  of  the  anticipated  anhydride  of  phenyl  imidazolone  carboxylic  acid  (VI).  which  is  also  a  tricyclic  system, 
there  u  obuined  the  phenylcarboxy  derivative  of  the  imidazolone  (Vll).  apparently  due  to  rupture  of  the  lacum 


ring: 

,ch:-c.:,conh.  c^h.nco 
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The  structure  of  the  phenyllmldazolone  carboxylic  acid  was  established  y  a  study  of  Its  properties,  by  die 
elementary  analysis,  and  by  the  result  of  decarboxyUtion.  The  latter  reaction  proceeds  either  through  slmide 
repeated  fusion  of  the  compound,  or,  better,  by  heating  a  n’lxture  of  die  pbc  carboxylic  add 

and  naphthalene  at  200-22 0*.  The  resulunt  product  (VU^  was  identical  la  .'U  respecu  with  the  phenyllmidazolooe 
prepared  by  Kanevskaya  [4]  and  Kiseleva  [51 


EXPERIMENTAL 


Phthalimldlneacetyl  chlOiide.  Gradual  addition  is  made  to  11.5  g  phthalimidlneacetic  acll.  with 
constant  stirring,  of  28.7  g  thionyl  chlouie,  and  the  solution  is  heated  for  about  an  hour  on  a  water  bath  at 
30-35*  and  toward  die  end  at  40*.  Gradual  precipitation  occurs  of  snow-white,  small  rhombic  crystals. 
Complete  precipiution  is  ensured  by  sunding  the  reaction  mixture  for  3  hours;  die  crysuls  are  then  drained 
and  washed  wUh  dry  ether.  Yield  12.77  g.  The  chloride  melu  at  123-124*  (with  decomp.);  it  is  sparingly 
soluble  in  ether,  benzene  and  xylene,  readily  soluble  in  acetic  anhydride. 


Found  %  N  6.96.  6.97;  Cl  16.35.  16,2C.  CieH,O^NCL  Calculated  N  6.68;  Q  U.94. 

PhthallmidLneacetlc  acid  uteide.  2  g  freshly  prepared  phthalimidineacetyl  chloride  is  mixed  wUh  1.8  g 
urea,  put  into  25  ml  dry  benzene  and  the  mixture  heated  for  6  hours  in  a  flask  under  a  reflux  condenser  on  a  water 
bath.  The  ptecipiute  is  filtered,  washed  with  ether  and  then  with  ammonia  solutior,.  Yield  of  unpurified  product 
2.14  g  or  about  96.4^  of  theory,  calculated  on  the  acid  chloride.  M.p.  222-223*  (with  decomp.).  After  one 
recrysullization  from  alcohol  the  m.p.  rises  to  229-230*  (with  decomp.).  The  product  separates  from  alcohol  at 
small,  white,  traruparent  prisms.  Sparingly  soluble  in  water,  ethyl  alcohol  and  dilute  hydrochloric  acid. 


The  preparation  proved  to  be  inactive  in  pharntacologlcal  tests. 

Heating  of  the  ureide  with  a  large  excess  of  cone,  hydrochloric  acid  (sp.  gr.  1.19)  does  not  result  in  ring 
closure  but  only  in  hydrolysis  of  the  ureide,  and  phthalimidineacetic  acid  is  formed  (m.p.  180-181^. 

N-Acetylphthalimidineacetic  acid.  1  g  phthalimidineacetic  acid  is  mixed  with  a  large  amount  of  acetic 
anhydride  (25-30  g)  and  boiled  for  4  hours.  After  cooling,  the  mass  is  diluted  with  double  die  amount  of  water. 

The  0.67  g  of  precipitate  is  recrystallized  from  alcohol  to  gi^'e  long,  transparent,  small  prisms,  m.p.  186-188*. 

Found  N  6.05,  6.21.  CnHuQtN.  Calculated  N  6.00. 

The  ethyl  ester.  2.75  g  phthalimidineacetic  acid  and  7  g  dry  ethyl  alcohol,  saturated  with  h^rogen 
chloride,  ate  heated  fot  4  hours  on  the  water  bath;  the  excess  alcohol  is  then  distilled  off;  to  the  residue  is 
added  Uipic  the  amount  of  water.  The  separated  viscous,  yellow-brown  oil  gradually  solidifies,  k  is  neutralized 
with  sodium  carbonate  solution  and  the  resulunt  white  floes  are  filtered  off  and  washed  with  water.  Yield  of 
emde  product  2.6  g  or  at  out  of  theory,  calculated  cn  phdulimidineacetic  acid.  M.p,  115-116*,  rising 
to  119-120*  after  reaysulllzation  from  edier  (white,  transfarent  platelets).  Readily  soluble  in  alcohol,  poorly 
in  water. 

Found  <%:  N  6.58.  6.62.  CqH^N.  CalcuUted  %  N  6.3SL 

Reactio.i  of  ethyl  phthalimidir.eaceute  with  urea.  2  g  of  the  e.ter  and  0.6  g  urea  are  heated  for  3  homi 
in  an  alcoholic  solution  of  sodium  ethylate  (0.23  g  in  5  ml  alcohol)  on  a  water  bath  at  70*.  0.98  g  subsunce  wifli 
m.p.  215-218*  was  separated.  After  recrysullization  from  water  the  m.p.  rose  to  220-221*.  The  compound  proved 
to  be  the  amide  of  phthalimidineacetic  acid  and  did  not  depress  the  melting  jxiint  of  a  specially  prepared  sample 
(see  below).  ti  addUion  0.3  g  of  a  compound  less  easily  soluble  in  water  was  isolated.  When  tecrysuUlzed  from 
a  large  quantity  of  water,  the  ureide  of  phthalimidineacetic  acid  with  m.p.  229-230*  was  isolated:  it  did  not  depress 
the  m.p.  of  the  ureide  from  anodier  batch. 

More  prolonged  heating  of  die  ester  with  urea  In  an  alcoholic  solution  of  sodium  ediylate  (3  hours  on  the 
boiling  water  bath)  yielded  exclusively  the  amide  of  phtJulimidineacetic  acid. 
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PhihalimiJii.t;acJtamide.  A  dry  azn.nonia  stic«m  is  passed  inio  a  mlxtuxe  of  2  g  phthalimidineacetyl  chloride 
aod  25  ml  dry  benzene  for  .3  hours  with  constant  cooling  with  ice  water.  The  precipitate  is  filtered  after  standing  for 
8-10  hours  and  washed  with  sodium  carbonate  solution  and  water.  After  drying.  1.46  g  product  with  m.p,  217-218* 
is  obtained  in  the  form  of  needlets.  After  recrysuUization  from  water  the  m.p.  rose  to  224-225*.  Yield  1.05  g  or 
589>ca1r  '!aied  on  the  chloride. 

Found  N  14.90.  14.83  .  CuHifyy^.  CakoUted  ^  N  14.74. 

The  highest  yield  of  the  amide  is  obtriced  by  rjulng  dry  ammonia  into  a  mixture  of  die  acid  chloride, 
dry  toluene  and  xylene.  In  the  same  conditions  as  described  above.  12  g  acid  chloride  gave  7.8  g  amide  or  about 
7l5»  of  dieory. 

Methylamlde  of  phthallmldineacetic  acid.  Prepared  by  reaction  of  the  acid  chloride  with  methylamlno: 
melts  at  183*185*:  crystallizes  in  slender,  white  needlets:  soluble  in  acids,  alcohol  and  hot  water:  insoluble  in 
caustic  alkalies  and  ether. 

Found  %:  N  13.82.  CuHaO^f^  CalcuUted  Ik  N  13.72. 

2*-Carboxyphenvl-5-lmidazolor>e  (VII>.  Gradual  addition  it  made  at  —5*  to  *"7*  of  5  g  phthalimidineacetamide 
to  a  solution  of  8.4  g  bromine  and  18.22  g  potassium  hyo.nside  in  90  ml  water.  Ihe  greater  part  of  the  amide 
dissolves.  After  the  whole  amount  has  been  introduced,  the  reac*  ion  mau  it  heated  for  30'40  minutes  at  75-80*: 
it  is  then  cooled  exteriuliy  with  ice  water  and  acidified  with  strong  hydrochloric  acid.  A  yellow  precipitate  (5.3  g) 
comet  down:  it  is  worked  up  with  10^  sodium  carbonate  r'vd  filtered  from  the  small  quantity  of  residue  insoluble 
in  the  soda.  Acidification  of  the  resulunt  alkaline  solutioa  witn  hydrochloric  acid  brings  down  3.02  g  of  a 
mixture  of  two  subsUiK-s  with  the  unsharp  m.p.  of  168-185*.  Microscopic  observation  reveals  transparent  white 
platelets  and  clusters  of  needlets. 

Two  treatiiicnts  with  absolute  alcc^ol  and  recrystallization  from  wittr  of  the  alcohol-insoluble  residue 
gave  0.6  g  of  a  compound  with  m.p  229-230*  and  the  elementary  composition  C||H||C)|I^. 

On  the  basis  of  analyses  and  a  study  of  the  properties  of  this  substance,  the  structure  of  carboxypbenyliraid- 
azolone  could  be  assigned  to  it. 

Found  C  58.29,  58.13;  H  4.37,  4.07;  N  13.61.  13.62.  Calculated  ‘Jfc:  C  58.25;  H  4.85; 

N  13.59.  Determination  of  the  acid  equivalent:  found  205.3:  calculated  206. 

D  iring  the  melting  point  determination  the  substance  melted  at  229-230*  with  decomposition  and  vigorous 
•^as  evolution.  The  substance  solidifying  in  the  capillary  melts  at  161-162*  \/ien  heated  again.  This  melting 
pomt  is  characteristic  of  5-phenylimidazolot.e  (VIII).  Consequently  the  suostance  undergoes  decarboxylation 
when  heated. 

Decarboxylation  can  be  most  ,imply  effected  by  heatiig  with  naphthalene.  0.18  g  carboxy  derivative  is 
mixed  with  10  times  the  amount  of  naphthalene  arid  the  mixture  heated  at  the  boiling  r  'int  of  naphthalene  for 
1^-2  hours.  After  cooling,  the  pulverized  mas*  is  treated  3  times  with  hydrochloric  acid  solution  (1:1).  The 
combined  acid  solutions  aie  made  alkaline  with  15^  sodium  hydroxide  solution  and  left  to  stand  for  1^“2  hours 
while  cooling  externally  with  ice  water.  The  precipitate  is  drained  at  the  [Ximp.  After  drying,  the  yield  is  0.07  g. 

The  product  melts  sharply  at  160-161*  after  recrystallization  from  water  and  alcohol  and  docs  not  depress  the 
melting  point  of  an  authentic  specimen  of  pure  phenylimidizolonc. 

It  was  previously  pointed  out  that  3.02  g  of  the  mixture  of  subsunecs  separated  from  sodium  carbonate 
solution  was  v#orked  up  with  alcohol  The  alcohol -soluble  compound  was  isolated  in  the  amount  of  2.05  g  and 
identified  as  phthalimidioeacetic  acid. 

After  removal  of  the  carboxyphenylimidazolo:  the  acid  filtrates  contain  mainly  phthallmldineacetic 
acid  which  was  isolated  from  the  filtrate*  both  as  such  and  as  the  ethyl  ester;  for  this  purpose  the  filtrates  were 
made  alkaline  with  ammonia,  evaporated  to  dryness  and  treated  with  absolute  alcohol. 

The  Hofmann  reaction  was  repeated  several  times  with  slight  varutions  of  temperature,  alkali  concentration 
and  duration  of  reaction  with  alkali  hypobromite.  The  yields  of  carbsxyphenyllmidazolone  fluctuated  fairly  widely 
(13-5^  when  the  amide  was  neated  imr*tediately  after  inuoducing  it  into  hypobromite  solution;26^  if  the  introduced 
amide  was  heated  only  after  standirg  for  3  hours  at  room  temperature). 

Ir.  all  cases  two  mam  products  vxere  isolated;  carboxyphenylimidazolone  and  ptithalimidmeacetic  acid. 
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SUMMARY 

1.  FbthAlimidineacetic  *cld  was  chaiacterlzed  through  Ae  preparation  of  Its  acid  chloride,  orelde.  amide, 
toethylamide.  ethyl  ester  and  N^cetyl  derivative. 

2.  A  study  was  made  of  the  condensation  of  the  ethyl  ester  of  phthalimldineacetic  acid  with  area  In  presence 
of  sodium  ethylate,  and  it  was  established  that  the  reaction  yielded  the  amide  or  a  mixture  of  the  urelde  and  dte 
amide  of  phthaUmidlneacetlc  acid. 

3.  It  was  established  rba*  reaction  of  the  amide  of  phthalimldineacetic  acid  with  potassium  hypobiomlte 
gives  2'-caiboxyphenyl*6>imldazolone.  which  readily  decarboxylates  to  die  prevUvisly  known  S-phenylimldazolos?. 

4.  It  is  shown  dut  the  yield  of  carboxypbenylinidazolone  depends  in  the  main  on  the  duration  of  the 
reaction  of  the  amide  with  potassium  hypobromite. 
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SYNTHFSIS  OF  HYDROCARBONS 


XXXVUL  SYNTHESIS  OF  ALKENES  AND  ALKANES  WITH  TWO  QUATERNARY  CARBON  ATOMS 
Levina,  N.  P.  Shusherina.  N.  I.  Volcbinikaya  and  M.  Yu.  Lurye 


Addition  of  hydrogen  bromide  to  some  conjugated  alkadienes  with  an  Iso  structure,  for  example  to  2,4- 
dimethylpemadiene-1.3  arvi  3.5'dimethylheptadlene*2.4.  leads  to  formation  of  tertiary  bromides  of  die  allyl  type 
whose  structure  in  each  case  excludes  the  possibility  of  formation  of  the  isomeric  bromide  by  allyl  rearrangement: 


CH|C  =  CH-C=CH, 
I  I 
CH,  CH, 


C,KjC  =CH-C=  CHCH, 


♦HBt 


CH,C-CH- 

I 


C-CH, 


CH. 


CH, 


or 


♦KBr 


C,l^C  =  CH-C=CHt 
I  I 

CH,  CjH, 


CH,  CH, 

(I) 


Br 

I 

qH,C-CH 


C-CH, 

I 

CH,  CjH, 

0») 

In  our  previous  researches  [1,2,3]  it  was  established  that  the  reaction  between  allylic  bromides  and 


primary  or  secondary  alkyl  magnesium  halides  is  a  method  of  synthesis  of  olefinlc  hydrocarbons,  hydrogenation 

of  which  could  yield  paraffinic* hydrocarbons  containing  one  quaternary  carbon  atom: 

CH,  .  CH, 

'  •  ♦H. 

CH,-C=CH-^~fir  ♦  RMgX - >  CH,C=CHC-R — ^  CH/TH-CHj-C-R 


CK, 
1 


I 

CH, 


(I) 


I 

CH, 


CH. 

C,H,C  =CH-C— 8r  ♦  RMgX 


I 

CH,,  CH, 
CH. 

C,H.C=CH-C-R 
I  • 

CH,  C,H, 


I 

CH, 


I 

CH, 


♦H. 


CH. 

C,H<CH-CH,-C-R 
1  \ 

CH,  C,H, 


where  R  =  CH,.  C,H,.  C,H,.  C^H,.  iso-C,H,.  iso-C4H,and  lso-C,H„ 


The  structure  of  the  so^ynthesized  hydrocarbons  was  confirmed  by  the  methods  of  oxidation  or  ozonizatioo 
and  Raman  spectrography  [1.3]. 

in  the  present  investigation,  these  tertiary  allylic  bromides  (I  and  II)  (2,4Hllmethylpentadienc-l,3  hydro- 
bromide  and  3,5'<Jimethylheptadiene *2,4  hydrobromide)  were  brougiit  Into  reaction  with  an  organomagnesium 
compound  ccotainli^g  a  tertiary  alkyl  group  (tert*butyl  magr.eslum  chloride),  this  reaction  served  as  a  method 
of  synthesis  of  difficultly  accessible  branched  olefinic  hydrocarbons  containing  two  quaternary  carbon  atoms: 

2.2.3, 3.5-pcstamethylhexene-4  (III)  and  2,2,3,5-teuan)ethyl-3-ethylhcptene-4  (IV) 


CH,  CH,  CH,  CH, 

CH,C=CH-C-Br  ♦CH,-CMga - r  CH,C=CH-C - C-CH, 

CH,  CH,  CH,  CH,  CH,  CH, 

(I>  (III) 
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CHj  CH,  CH,  CK, 

i  I  «  • 

CiH,C=CH-C-Br  +  CH,-CKlga - C,HrC=CH-C- — C-CH, 

I  I  !  I  ‘I 

CH,  C,H,  CH,  CH,  CjK,  CH, 

(11)  (IV) 

Catalytic  hydrogenatioa  of  Ae  synthesized  alkenes  yielded  the  corresponding  alkanes:  2.2,3.3.S*penta* 
methylbexane  and  2.2,3.5-tetramethyl-3-ethylhei*ane. 

EXPERIMENTAL 

2.2.3. 3.5- Pentam€tfiylhexene-4  and  2.2.3.3.5-i)entaniethvlhexan€.  Tert-butyl  chloride  was  prepared  by 
addition  of  hydrogen  chloride  to  isobutene  in  the  gas  phase  (4], 

An  ethereal  solution  (1 : 1)  of  70  g  (0.75  mole)  tert-butyl  chloride  was  slowly  added  wl*  beating  (at  the 
late  of  not  more  than  one  drop  per  second)  to  18  g  magnesium  covered  with  a  layer  of  absolute  ether  and  previously 
activated  with  1.5  ml  ethylene  bromide.  After  introduction  of  the  total  amount  of  tertiary  chloride,  the  reaction 
mixture  was  heated  with  stirring  for  two  hours.  To  the  so-obtali»ed  cereal  solution  of  tert-butyl  magnesium 
chloride,  cooled  to  —40*,  was  added  dropwlse  over  a  period  of  30-40  minutes  an  ethereal  solution  (1:1)  of  the 
freshly  prepared  lydobioTBfc  of  2.4-<limethylpentadiene-l,3*  (72  g,  0.5  mole),  also  cooled  to  *"30*.  The  reactioa 
mixture  was  then  stirred  for  3  hours  while  belr.g  cooled  to  “30*  and  for  2  hours  at  room  temperature,  allowed  to 
stand  overnight,  and  heated  on  the  following  day  for  8  hours  with  continuous  stirring.  Decomposition  was 
effected  by  pouring  the  reaction  mixture  on  to  Ice  containing  ammonium  chloride.  The  ether  extract  was  washed 
and  dried  with  calcium  chloride,  the  ether  was  distilled  off  and  the  residue  heated  over  sodium  (6  hours):  the 
obtained  hydrocarbon  was  distilled  off  from  higher  boiling  fractiotu  and  then  redistilled  over  sodium  in  a  column 
with  40  theoretical  plates.  The  isolated  2,2.3, 3.5-pentamcthyJhexene-4  (yield  of  the  theoretical)  possessed 

the  following  consunts:  b.p.  170-170.2*  (760  mm):  n^  1.4470;  dj*  0,7836;  MRq  52.60.  CuHaf.  CalcuUted: 

MRo  52.53. 

7.530  mg  substance:  23.660  mg  CO^:  9.590  rr.g  H,0.  6.310  mg  subsUtice:  19.850  mg  CC\:  8.030  mg 

HjO.  Found  <5^:  C  85.75,  85.85.  H  14.25,  14.24.  CuHa-  Calculated  C  85.60;  H  14.40. 

2.2.3.3.5- Pentamethylhexene-4  has  not  been  described  in  the  literature. 

Fractionation  of  the  higher  boiling  fraction  gave  the  di.mer  of  2.4-dimethylpentadiene-1.3  with  b.p. 

817-218*  at  760  mm  (yield  17^  calculated  on  the  initial  hydrobromide).  The  for.natlon  of  2,4'^imethylpentadiene- 
1.3  is  explained  by  cleavage  of  hydrogen  bromide  from  the  tertiary  bydrobromide  under  the  action  of  the  organo- 
magnesium  compound. 

Catalytic  hydrogenation  of  2.2.3.r>.5-pentamethy^hexene-4  was  carried  out  over  nickel -on -alumina  at 
lGO-170*  and  led  to  formation  of  2,2,3.3,5-pentamethylhexane  which  had  the  following  constanu  (after  redistilla- 
tion  in  a  column  (over  sodium): 

B.p.  172.8-173.5  (760  mm):  nfj  1.4302;  dj*  0.7673;  MRjj  52.88;  calculated  52.99. 

2.2.3.3.5- Pentamethylhexane  has  not  been  described  in  the  literature. 

2.2.3.5- Tetramethyl-3-ethylpentene-4  and  2.2.3.5-tetramethyl-3-ethylheptane.  The  preparation  of  the 
hydrobromide  of  3.5-dimethylheptadiene-2,4**  and  its  reaction  with  tert-butyl  magnesium  chloride  was  camried 
out  by  the  above -described  procedure  (for  the  hydrobromide  of  2,4-dimethylpentadierse-1.3).  After  working  up 
the  reaction  product  in  the  usual  manner  and  distUlmg  off  the  ether,  the  residue  was  fractionally  distilled  over 
tvxllum.  Two  fractions  were  obtained: 


•  The  hydrobromldeof24-dimethylpentadiene-1.3  E2)  was  prepared  by  passing  dry  hydrogen  bromide  into  the  cooled 
dlcnic  hydrocaroon  (b.p.  93-94*  at  755  ram:  nj)  1.4448:  d,*  0.7376)  until  the  weight  increase  corresponded  to  that 
leuulred  for  the  addition  of  one  tmlecule  of  HBr.  The  hydrobromide  was  not  distilled,  but  dL'ectly  after  preparation 
•it  was  dissolved  in  an  equal  volume  of  absolute  ether  and  brought  into  reaction  with  the  tert-butyl  magnesium 
chloride. 

••  Hydrogenation  was  performed  on  a  mixture  of  diene  hydrocarbons  “3, 5-dlmethylheptadene-2,4  and  4-medtyl- 
2-ethylbexadiene-l.  3  “whose  components  differed  only  in  the  position  of  the  double  bond:  b.p.  136-1^* 

(760  mm):  njj  1.4495:  dj*  0.7675  £3). 
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1)  b.p.  130-136*:  n”  1,4260:  2)  b.p.  200-211*. 

Distillation  of  tfie  second  fraction  in  a  column  with  40  theoretical  plates  gave  a  1^  yield  of  2.2,3,5-tetra- 
inethyl-3'ethylheptene-4 . 

B.p.  210.5-211.5*  (755  mm);  nj;  1.4574;  dj*  0.8C12.  MRq  Gl.fil.  .  Calculated:  M!^  61.73. 

5.7S2  ms  substance;  18.150  mg  CC^:  7.490  mg  H,0.  6.340  mg  substan.a:  19.905  mg  CC^;  8.220  mg  1^0. 

Found  C  85.52.  35.68;  H  14.47.  14.51.  Calculated  C  85.^;  H  14.28. 

2.2.3.5-Tetramethyl-3-ethy]pentene-4  is  not  described  in  the  literature. 

Distillation  of  the  lower  boiling  fraction  (b.p.  130-136*)  in  a  column  with  40  theoretical  plates  gave  a 
hydrocarbon  (yield  55^  of  the  theoretical  calculated  on  Ac  initial  hydrobromide)  wiA  the  following  constantsi 

B.p.  130.5-131*  (750  mm).  nJJ  1.4222,  d”  0.7353;  MRd  43.54  Calculated:  MRq  43.29. 

The  constants  indicate  that  the  hydrocarbon  is  3,5-dim»  ’hylheptene-O. 

Literature  data  for  3.5-dimeihylheptene-3  [5];  b.p.  130.5-130.6*  (749  nun).  nJJ  1.4218:  0.7350. 

The  formation  of  3.5<llmetnyihep!ene-3  by  reaction  of  tert-butyl  magnesium  chloride  with  the  hydro- 
bromide  of  3.5-dimethylheptadiene-2,4  may  be  explaued  by  the  foIiowlr.g  secondary  reaction: 

C,H,  C,H, 

C,HjC=CHC-fir  ^(CH^jCMgCl - *  CjHsC^CH-CMgCl  ♦  (CH,),CBr 

It  I  » 

CH,  CH,  CK,  ,  CH, 

C,HjCH--CH=C-C,H, 

I  I 

CH,  CH, 

Catalytic  hydrogenation  of  2,2.3.5-tetramethyl-3-etHylheptene-4  over  r.ickel-on-alumina  at  160-170*  led 
to  formation  of  2,2.3.5-tetramethyl-3-ethytheptane  with  the  following  consunu  (after  disUUation  in  a  column): 
b.p.  214.5-215*  (760  mm);  1.4440>di*  0.7891.  MRq  6163  calculated  62  23. 

5.740  mg  substance  17.780  mg  CO,.  7.890  mg  H,0.  7.130  mg  substance:  22  140  mg  CO^;  9.710  mg 

H, 0  Found  <>:  C  84.53.  84.73.  H  15.38.  15.24.  Cj,H,^  Calculated  V  C  84  80,  H  15.28. 

A  Raman  spcctrographlc  study  of  the  prepared  alkane  revealed  frequencies,  according  to  the  data  of 
Stepanov  [6).  characteristic  of  hydrocarbons  possessing  two  quaternary  carbon  atoms. 

SUMMARY 

I.  Our  previously  developed  method  of  sy  ithesis  of  hydrocarbo'j  co.ntainmg  a  quaternary  carbon  atom 
was  applied  to  the  reaction  of  the  hydrobromides  of  2,4  dime»hylpeflUdiene-1.3  a..d  3  5-dlmethylhepudiene-2,4 
with  organomagr.esium  compou..d$  to  give  previously  undcscribed  hydrocarbons  with  two  quaternary  carbon 
atoms  -2.2.3.3.5-penumethyUiexe'ie-4  and  2.2.3. 5-tetramethyl-3-etnylheptenc-4. 

2  Hydrogenation  of  these  hydrocarbons  yielded  the  difficultly  accessible  alkartes,  2,2,3,3.S-penta- 
meihylhexane  and  2.2.3.5-teuamethyl-3-ethylhcptare.  not  previouily  described  in  the  literature. 
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THE  PROBLEM  OF  THE  REACTION  OF  o-HALOHYDRINS  WITH  AMINES 


h.  hsttot  and  E.  S.  Lagncheva 


Krasusky  [1]  itatcd  ’’hat  ‘ihe  fis  jituu-  <  a-a;c5flo  alcohoh  from  a-mono-hlotolp;<!rini  ptocttil  ihroi^h 
a-oxidet"  which  are  intermediate  products  In  the  cotme  of  reaction  of  ammonia  and  amines  with  annonochloro* 
hydrins. 


As  we  know,  the  foregoing  observation  of  Kiasmky  and  hU  rule  for  the  orde'  c*f  additi-^t  of  ammonia  and 
amines  to  asymmetrical  oxides  is  utilized  for  determination  of  the  stricture  of  amino  tIcoLuls  prepared  by  re* 
action  of  a-halobydrlns  with  amnnonia  and  amines.  But  Krasusky  alto  suggested  the  possibility  of  direct  substitu¬ 
tion  of  die  halo  compound  at  an  amino  group  in  the  reacdoos  of  a-halobydrlns  with  amines.  However,  he  did 
not  produce  an  example  of  this. 

In  dlls  connection  it  appeared  of  interest  to  consider  the  reacdon  of  ethylene  chlorohydrin  with  S.6*di* 
chlorophenylamine  (0*  This  reaction  proceeds  smoothly  with  headng  in  presence  of  water  (procedure  of  Shorygin 
C2.3]).  with  formation  for  die  most  part  of  2.S-dichlorophenylethanolamioe  (II)  (2,S-dichlorophenyl*6'hydroxy* 
ethyl  amine).  But.  as  was  found,  in  the  tame  conditions  die  cotre^onding  chlorohydrin  of  ethylene  oatoe  does 
not  react  v-lth  2.5-dichlorophenylamine.  It  is  clear  from  this  that  the  reacdon  of  ethylene  chlorohydrin  wuh 

2.5-dichlotophenylamlne  does  not  proceed  according  to  Krasusky's  rule.  i.e.,  not  through  the  uage  of  formatico 
of  ethylene  oxide  followed  oy  the  latter's  reaction  with  the  amine,  but  involves  direct  substitution  of  the  chloro- 
hydrm  at  the  amino  group.  This  is  clearly  represented  by  the  following  scheme: 


CT 


e  aCH|CH|OH 


NHCHiClLOH 

0“. 


(D 


(D) 


Formation  of  2.S-dichlorophenylethanolamine  is  confirmed  by  analysis  for  the  nitrogen  content  and  by 
transformadon  into  N-(2,5-dichlorophenyl)-oxazolidlne  (IB) 


EXPERIMENTAL 


2.5- Dichlorophenyleihanolamine  (2.5-dichlorophenyl-fl-hydroxyethylaming)  was  prepared  by  reaction 
of  486  g  (3  moles)  of  2.S-dichlorophenylamine  with  362.2  g  (4.5  roolesj  ethylene  chlorohydrin  in  pretence  of 
43.5  ml  water.  The  reaction  was  performed  in  a  three-necked  flask  fitteo  with  reflux  condenser  for  a  period 
of  19  hours  with  uninterrupted  mechanical  stining.  During  the  reaction  the  temperature  was  held  within  the 
range  of  130-135*.  At  die  end  of  the  .eaction  the  water  and  excess  ethylene  chlmohydrin  were  dittiUed  off  in 
the  vacuum  of  a  water  jet  pump.  The  residue  was  neutralized  with  saturated  soda  solution  (159  g  Na|CC|).  The 
product  was  exaacted  with  ether,  separated  from  the  water  layer,  dried  with  potassium  carbonate,  filtered,  and 
fracdonated.  Ether  was  fust  disdlled  off  on  the  water  bath,  and  then  the  product  was  fracdonated  in  vacuum. 
The  firs:  fracdon  was  umeacted  2.5-dlchlaodiphenylamlne  (128  g  came  over  up  to  130*  at  3  mm).  The  next 
fracdon  was  41  g  at  130-1&»*(3  mm).  Then  the  2,5-dlchlorophenylethanolamlne  (256  g)  came  over  at  163-165* 
(3  mm).  The  viscous  sdll  residue  weighed  73  g. 

2.5- Dichlorophenylethanolamine  solidified  in  the  receiver  to  a  dense  crystalline  white  mau  contaminated 
by  a  yeDowish  oil.  Its  yield  was  56.20^.  calculated  on  the  reacted  2.5-dichlorophcnylanUn«..  The  3.5-dichloro- 
phenylethanolamine  was  purified  by  recrystalHzador  fiom  aqueous  alcohol,  from  which  it  came  down  as  white 
needles  widi  m.p.  53-54*. 

1.2310  g  substance:  11.10  ml  0.5  N  1.1063  g  substance:  10.00  ml  0.5  N  H^SO^.  Petind  Ik: 

N  6.32,  6.33.  C,H^NC1|.  CalcaUted  N  6.79. 
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We  also  atterrpted  to  prcpiSiC  2.5*(llcblorofihcnyl€thjinoUmliie  by  passing  ethylene  oxide  lnr->  2.5-<lichloro- 
plenylamiae  heated  to  100-1 50*.  but  this  method  (ailed.  This  reaction  is  not  catalyzed  by  water,  alcohol  or 
hydrochloric  acid  taken  in  small  quantity. 

N-<2.5-DichlorophenYi)*o»AzolidLTe  tgo  a  flask  (lited  wiA  a  stirrer  and  reflux  condenser  was  introduced 
41.2  g  (0.2  mole)  2.5’dichloro;^nyledLanoLamine  dissolved  in  30  ml  alcohol.  To  the  solution  was  gradually  added 
from  a  dropping  funirel  32.4  g  37^  formaldehyde  (0.4  n>ole  CI^.  The  reaction  was  conductei  with  constant 
stining  and  was  accompanied  by  evoUttion  of  beat.  After  the  whole  amoont  of  formaldehyde  had  been  added; 
the  stirring  of  the  reaction  mass  was  continued  for  a  further  30  minutes.  At  the  conclusion  of  the  reaction  the 
alcohol  was  distilled  off  from  dre  reaction  product  in  a  low  vacuum.  The  N-(2.5’<lichloropbenyl)oxazolidiiie 
was  then  separated  from  die  aqueous  layer  and  subjected  to  vacuum  fractionation.  The  N*(2.5-dlchlorophenyI)» 
oxazolidlne  fraction  was  collected  at  137-139*  (4  rom).  Yield  28.03  g  (64.30^  of  the  theoretical).  'The  distilled 
product  was  a  light-yellow  oil. 

d[2 1.3709.  1.5956i  Mi^,  S4.08;  calculated  53.36. 

0.9045  g  subsunce:  40.2  ml  0.1  N  l^SO^  1.5848  g  subsunce:  69.0  ml  0.1  N  i^SQ^.  Found  5k: 

N  6.21.  6.09.  CtHpNOy.  Calculated  %  N  6.42. 

SUMMARY 

1.  It  was  esubUsbed  that  the  formatum  of  2.5-dlchlorophenylethaoolamine  from  etb  ylene  chlorcdiydria 
acd  2.5'dichlorop(ieoyUmine  does  not  proceed  according  to  Krasusky'i  mechanism.  Le..  through  die  stage  of 
formation  of  etnylene  oxide  and  reaction  of  the  latter  with  the  amine,  but  through  direct  substitution  of  die 
halo  compound  at  the  amino  grcjpL 

2.  The  conversion  of  2,5-dlchloropbenylethanolamlne  into  N'(2.5-dlchloropbenyl)'<>xazolidine  Is  described. 
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REACTION  OF  PIPERTLESE  AND  2.4-HEX> DIENE  WITH 
UNSATURATED  NITRO  COMPOUNDS 

E.  G. -Kataev  and  P.  3.  Matveeva 


In  continuation  of  the  study  of  the  reactions  of  the  diene  synthesis  with  plperylene  and  2.4-hexadlene 
undertaken  tome  years  age  tl.2].  we  have  condensed  plperylene  with  nitroamylene.  nltiostyreoe.  and  furyl* 
nitroethylene.  arid  2,4*faexadieDe  with  nitrostyrene  and  furylnitroedtylene.  The  possibility  of  utilizing 
unsaturated  nitro  compounds  in  die  diene  syndresis  wldi  acyclic  dienes  had  been  demonstrated  as  fu  back 
as  1938  In  the  reactioiu  of  butadiene,  isoprene  and  2.3*dimethylbutadiene  with  nitroamylene  and  nitrostyrene 
[S-^X  Up  to  now.  however,  the  question  of  orientation  in  the  reactions  of  nitrodienophiles  with  unsymmetrlcal 
dienes  has  not  been  dircussed  in  the  literature.  We  coiuidered  it  to  be  a  matter  of  imerest  to  fill  this  gap  by  a 
detailed  examination  of  the  reaction  of  nitroamylene  and  nitrostyrene  with  plperylene  and  on  the  basis  of  fire 
evidence  of  the  structure  of  the  resultant  adducu  to  show  the  order  of  addition.  A  further  objective  of  die  study 
of  the  reactions  of  niuostyrene  and  furylnitroethylene  (application  of  the  latte;  as  a  dienophile  is  here  described 
for  the  first  time)  with  plperylene,  hexadiene  and  butadiene  (the  latter  condensed  with  furylnitroethylene)  was 
the  widening  of  die  field  of  synthesis  of  hydroaromatic  nitro  compounds  with  the  help  of  die  diene  reaction. 


The  formation  of  two  isomeric  adducu  may  be  expected  to  result  from  reaction  of  nitrostyrene. 


nitroamylene  and  furylnitroethylene  with  plperylene: 
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where  R  *  -CI^'-CH,-CH,. -C,H,.  . 
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On  the  basis,  however,  of  electronic  considerations  which  indicated  possible  polarization  of  our  selected 
reactants  (considerations  expounded  in  one  of  our  earlier  communications  (1]),  we  %#ere  inclined  to  expect  the 
formation  of  only  adduct  (a).  Experimect  actually  confirmed  our  ideas. 


Heating  of  plperylene  with  nitroamylene.  nitrostyrene  and  furylnitroethylene  in  sealed  tubes  widiout  a 
solvent  at  150*  for  8-15  hours  gave,  respectively,  g-methyl-d-n-ptopyl-l-nitro- A*-cyclohexcne,  2-mcihyl-6-pbenyl-l» 
nitro-A^-cyclohexene.  and  2-methyl-6- «-furyl-l*nitro-A*-cyclohexene. 


Evidence  for  the  structure  of  the  adducts  was  obuincd  by  selenium  dchydrogenatlwi  at  3  20-350*  for  20  boura 
followed  by  oxidation  of  the  dehydrogenatlcm  prpducu  to  aromatic  acids  In  accordance  with  the  schemes:* 


•  The  structure  of  the  pipcrylene-furylniirocthylene  adduct,  due  to  its  high  rcsinlfylng  tendency,  was  not 
demonstrated  but  was  infered  by  analogy  with  the  other  adducts. 
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When  the  adducts  arc  heated  %nth  selenium  at  a  temperature  at  which  dehydrogenation  does  not  yet  take 
place  (270-280").  evolution  of  oxides  of  nitrogen  and  water  was  observed,  which  Is  consistent  with  our  previous 
observatioas  [1]  that  functiorral  groups  of  the  type  of  CN,  CHO,  COOH  and  COOR.  attached  to  a  hydroaromatic 
ring,  are  eliminated  in  course  ol  dehydrogenation. 

In  similar  conditions  the  diene  synthesis  of  2.4-hexadiene  with  nitrostyrene  and  furylnltroethylene  was 
performed,  and  also  that  of  furylnltroethylene  with  butadiene: 
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In  view  of  the  fact  that  in  the  specified  conditions  the  formation  is  possible  of  only  one  type  of  adduct,  their 
structure  was  x:ot  considered. 

All  the  synthesized  hydroaromatic  nitio  compounds  (with  exception  of  the  adduct  of  piperylene  with  nitro- 
styrene,  ra  p.  80*€2*)  are  oily  liquids  which  seriously  irriute  the  mucous  membranes  of  ti»e  nose  and  eyes. 

In  the  case  of  adducts  of  piperylene  hexadlene  and  with  nitrostyrene.  the  possibility  was  examined  of  their 
reductioa  to  the  corresponding  amines  with  the  help  of  iron  filings  in  an  acetic  acid  medium.  2-Methyl-6-phcnyl- 
A*-cyclct:excnylamine  (m  p  of  hydrochloride  268-270")  and  2,5-dimethyl-6'pbenyl-A*<yclohexenylamine  (m.p. 
of  hydrochloride  290-292")  were  prepared  and  characterized  in  the  form  of  dteir  hydrochlorides. 

The  consunu  of  the  prepared  compounds  are  listed  in  the  table. 


•  EXI'ERIMENTAL 

1.  2-MethyI-6“n-propyl-l-nitro-A*-cyclohexene  (I).  7  g  (0.06  mole)  of  1-nitroamylene-l  [8l  7.2  g  (0.18  mole) 
of  piperylene.  and  0.1  g  of  bydroquinone  were  heated  in  sealed  tubes  for  IS  hours  at  150".  After  distilling  off  the 
excess  of  diene,  the  residue  was  vacuum-fractionated  from  an  Arbuzov  flask  to  give  11  g  of  (I)  (70^)  in  die  form 
®f  a  yellow  oil  with  a  strong  odor  which  initated  the  mucous  membranes. 

B  p.  108-110"  at  6  mm:  dj*  1  0030.  ng  1.4728:  MRq  51.19;  calculated  51.40. 

0.C922  g  subsunce.  6.4  ml  N,  (22".  753  mm).  Found  N  7.90.  Calculated  %:  N  7.65. 
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Determi^ticn  of  the  strucrixe  o;  rn.  2  g  of  (l)  yras  heated  with  10  g  selenium  black  in  a  sealed  tube  fo.* 

G*7  hours  at  280  .  When  the  tube  i/a*  opened  the  odor  of  nitrogen  oxides  was  detected  and  water  droplets  hi-I 
condensed  cn  the  sides.  The  tube  was  again  sealed  and  heated  for  another  20  hours  at  320-350*.  The  tube  was 
opened  (HjSe  was  evolved),  the  contents  extracted  with  ether,  the  ether  solution  filtered,  aitd  the  residue  distilled 
in  vacuum  from  an  Arbuzov  flask.  The  condensate  was  an  oUy  liquid  with  b.p.  78-80*  at  10  mm:  ng  1.5030 
(do*  to  the  ccnsiants  of  m-propyltoluene:  b.p.  181.5*182.5*:  1-4951  [9D:  it  was  oxidized  with  aqueous 

potassium  permanganate  solution  with  heating  on  the  water  bath  and  vigorous  shaking  for  20  hours.  At  the 
end  of  die  oxidation  the  mangane*  dioxide  was  repeatedly  washed  with  boiling  water,  the  wash  liouors  weie 
combined  with  the  main  ffltrate  and  the  whole  evaporated  on  the  water  bath  to  a  small  volume.  After  addifl- 
cation  vrith  dilute  hydrochloric  acid  (1:2)  the  white  precipitate  was  lecrystallized  flom  water.  Th^  m.p.  of  tiie 
subsuncc  and  of  a  mixed  specimen  witii  isephthalic  acid  was  345-347*.  The  prepared  acid  was  est;-rificd  to  the 
dimethyl  ester  (using  CH|OH  ♦  HCl).  The  m.p.  of  the  ester  and  tiiat  of  its  mixture  with  dimcthyl-m^)hflula>- 
was  67-68*  (tecrysullized  flom  dilute  akdiol)  [6], 

2.  2-Methyl-6-phenyl-l-nitro-^*-cvclohexene  fill.  5  g  (0.03  mole)  B-nitrostyrtne  [101  7  g  (0.09  mole) 
pipeiylene  and  0.1  g  hydroquinone  werf?  heated  in  realed  tubes  for  15  houn  at  150*.  After  opening  the  tubes 
and  disUlling  off  the  excess  of  piperylene.  the  residue  solidified.  Reaystallization  from  alcohol  gave  6  g  (87H) 
of  (IQ  in  the  form  of  IcHig,  white  needles,  m.p.  80-62*. 

0.1735  g  substance:  9.7  ml  N,  (19.5*  758  mm).  Found  %  N  6.41.  Cj,HuO^N.  Calculated  %  N  6.51. 

Evidence  of  structure  of  (IQ.  2  g  of  (Q)  was  heated  with  a  fivefold  excess  of  relenium  in  a  sealed  tube  foe 
20  hours  at  320-350*.  At  the  conclusion  of  dehydrogenation  the  contents  of  the  tube  were  extracted  with  eihei; 
the  solution  filtered,  the  ether  driven  off  and  the  residue  fractionated  in  vacuum  from  an  Arbuzov  flask.  The 
distillate  was  a  viscous  oil  wuh  b.p.  147-150*  at  20  mm.  ng  1.5900  (close  to  the  constants  of  3-methyldiphenyl: 
b.p.  148-150*  at  20  mm;  ng  1.5916  [11)).  It  was  oxidized  by  the  method  described  aboye.  Acidification  of  the 
concentrated  filuate  brought  down  a  white  precipiute  which  after  reaystallization  from  dilute  alcohol  melted 
at  161-162*  and  did  not  depress  die  melting  point  of  3-phep.ylbenzoic  acid  [7X 

Reduction  of  (11).  To  a  solution  of  4  g  of  (II)  in  30  g  80^  acetic  acid  was  added  15  g  fine  iron  filings, 
and  die  whole  heured  on  a  boiling  water  bath  with  constant  stirring  for  8  hours.  The  reactibn  mixture  solidified 
to  a  slurry  which  was  brought  into  solution  again  by  addition  of  50  ml  water.  For  completion  of  '1.9  ree^tiOQ.  the 
mixture  was  stirred  without  beating  for  a  further  hour  «nd  then  treated  with  30^  sodium  hydroxide  solution  until 
strongly  alkaline.  The  amine  was  distilled  off  from  the  reaction  mixture  with  steam  and  collected  in  dilute  hydro¬ 
chloric  acid  (1:2).  The  hydrochloric  acid  solution  was  evaporated  to  a  small  volume  and  the  whke  precipitate 
recrysullized  from  a  mixture  of  methyl  alcohol  and  butyl  acetate.  The  beautiful  silvery  needleu  of  the  hydro¬ 
chloride  melted  at  268-270*.  Beilstein  Kst  positive. 

0.1015  g  subsunce;  5.6  ml  (21*.  761  mm).  Fouid  %  N  6.39.  Ci,Hi,NCl.  Calculated  N  6.28^ 

3.  2.5-Dimethyl-6-pher.yl-I-rirto-A*  cyclchexeoe  fill).  5  g  (0.03  mole)  fl-ii.’trostyrere,  8.5'g  (0.09  mole). 
2.4-hexaJiene  and  0.1  g  hydroquinone  are  heated  in  sealed  tubes  for  16  hours  at  150-155*.  After  distilling  off 
the  excess  of  hexadiene.  the  residue  is  fractionated  in  vacuum  to  give  6.36  g  of  (III)  (82  6*^k  in  the  form  of  a 
thick. yellow  oil,  strongly  iiriuting  the  mucous  membranes,  b.p.  149-151*  at  4  mm;  dj*  1.1050:  ng  1.5422: 

MRq  65.82:  calculated  65.87. 

0.0404  g  subsunce:  2.3  ml  N,  (23*.  760  mm).  Found  N  6.54.  Calculated  %  N  6.60. 

Reduction  of  (IIQ  was  performed  n  exactly  the  ume  man.ner  as  that  of  (II).  Theic  w^s  obulaed  die 
hydrochloride  of  2,5-<llmethyl-6-phepyl-A*-cycIohexenylamlre  in  the  form  of  a  white,  finely  crystalline  powder 
with  m.p.  290-292*  (from  alcohol). 

0.1017  g  substance:  6.3  ml  Nj  (19*.  747  mm).  Found  N  7.15.  Ci4Hj|NCl.  Calculated  N  6.96. 

4.  l-Nitro-6-(fl)-furyl-A*-cyclohje»er.e  (f^),  5  g  (0.03  mole)  furylnitroethylene  [12).  6  g  (0.09  mole) 
buudiene  and  0.1  g  hydroquirone  were  heated  in  sealed  rubes  for  10  hours  at  150*.  Considerable  reslnification 
was  observed.  After  driving  off  the  excess  of  butadiene  the  residue  was  fractionated  to  give  3.18  g  (45.6^ 

of  (IV)  in  the  form  of  a  yellow  oil  which  very  quickly  darkened  in  the  air  and  strongly  irriuted  the  mucous 
membranes;  b.p.  148-15C*  at  200  ram.  dj*  1.1970:  ng  1.5350:  MRq  50  21  calculated  49.9L 

0.1956  g  subsunce:  12.4  ml  (22*.  753  mm)  Fou.Td  N  7.27.  Ci§H|iO)N.  Calculated  N  7.25. 
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5.  2-K^*hyl-6  (a)  ■furyl-l-f.itrc-A*-eyclo^:exene  (V)  5  g  (0.03  mole)  furylr.itrocthylene,  7.2  g  (0.09  mole) 

piperylene  and  O.i  g  l.ydroqui'.o%  were  heated  In  sealed  tubes  fot  8  hours  at  150*.  Fractionation  gave  4  g  (551k) 
of  (V)  in  the  form  uf  a  light -yellow  oil,  rapidly  oxidizing  in  the  air;  b.p.  120-122*  at  4  mm:  d^*  1.1550:  iiq 
1.5150.  MRq  54.30:  calculated  54.53. 


0.0743  g  substarce.  5.4  ml  Nj  (21*.  752  mm).  Found  Ik  N  6.73.  Cij.  ||P|N.  Calculated  Ik:  N  6.49. 

6.  2.5-Dimethvl-6-(fl)-furjl-l-rltro-A*-c^clohexene  (VI).  5  g  (0.03  mole)  furylnitroethylene^  9  g  (0.09  mole) 
2.4'hexadierie  and  0.1  g  hydroquinone  were  heated  in  .^aled  tubes  for  16  hours  at  150*.  Vacuum  fractionation 
yielded  3.6  g  (45.6^)  of  (VI)  in  the  form  of  a  yellow  oil  which  quickly  darkened  in  the  air:  b.p.  125-127*  at  4  mm: 
df  1.1411.  nB  1  519a.  MRq  59.08:  calculated  59.15. 


0.0836  g  $ub>unce:  4.7  ml  N,  (20*.  752  mm).  Found  Ik:  N  6.50.  CuHuO^N.  Calculated  Ik:  N  6.30. 

SUMMARY 


1.  Reactions  were  carried  out  on  the  diene  synthesis  of  piperylene  with  nitroamylene.  nitrostyrene.  and 
furylr.itroethylene.  ai^  of  butadiene  with  furylnitroeUiylene,  aixl  6  new  cyclohexene  derivatives  are  described. 

2.  For  the  first  time  furylnitroethylcpc  has  been  used  as  a  dienophile. 

3.  By  denx>nstrati:.g  the  structure  of  the  adducts  of  piperylene  with' nitroamylene  and  nitrostyrene. 

it  was  shown  that  the  order  of  addition  of  these  dienophiles  to  piperylene  is  in  good  accord  widi  the  direction  of 
ixilanzaticm  of  piperylene  and  the  dierwphile. 
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ALKYLATION  OF  AROMATIC  COMPOUNDS  WITH  ALCOHOLS 
XVL  CONDENSATION  OF  1.4-FENTANEDlOL  WITH  BEI’ZENE 

I.  P.  Tsukervanik  and  N.  I.  Bogdanova 


Studies  in  our  laboratory  of  the  reactions  of  alkylation  of  aromatic  compounds  with  difunctiooal 
tciciants  have  shown  the  possibility  of  utUization  of  the  greater  activity  of  the  secondary  hydroxyl  group 
of  1.3'butanedioL  This  enabled  us  to  realixe  the  hydroxyalkylatioo  of  a  series  of  aromatic  compounds  til 
In  the  further  development  of  this  investigation  we  have  undertaken  a  study  of  the  condensation  of  1,4-pcntanedloi 
with  benzene.  In  this  case  we  may  expect  the  formation  of  4  pheny  lpenun-1-ol  (I)  which  must  readily  cyclize 
to  I'tnethyltetrahydroncphthalene  (U) 

CiH,  y\ 

CH,CHCH^CH,CH,OH  — >  j 

CF, 

(I)  (10  (UO 

Since  such  a  cycloalkylation  is  always  observed  in  similar  cases,  the  formanoi  in  the  second  stage  of  the 
condensations  of  1.4-diphenylpentane  (IIQ  is  less  probable. 

We  performed  a  series  of  condensations  of  1.4'pentanediol  with  benzene  in  presence  of  A1C1«  fa  accordance 
with  the  mechanism  of  these  condensations  [2]  it  is  necessary  to  use  not  less  than  2  moles  of  A1CI|  per  mole  of  diol. 
By  suiuble  choice  of  reaction  conditions  we  shewed  the  possibility  of  preparation  of  products  (I)  and  (IQ  with  a 
preponderance  of  one  of  these.  4-Phenylpenun-l-ol  (1)  is  obtamed  in  about  63^  yield  by  operating  with  highly 
dilute  benzene  at  room  temperature;  this  was  accompanied  by  l*methyltetrahydronaphthaleue  (IQ  in  15^  yield. 
When  operating  at  higher  temperatures  (65-85*)  the  main  product  is  (IQ  (50^  of  theory),  while  alcohol  (I)  is 
obtained  in  only  IG^b  yield.  Direct  experimeat  showed  that  when  4-phcnylpenunol  was  heated  (75-85^  in  benzene 
with  AlClj.  a  high  yieM  of  l*methylietrahydrop.aphthalene  is  obtained.  We  were  unable  to  find  1,4-diphenylpentaoe 
in  a  number  of  the  products  of  alk  ylation.  although  small  amounts  of  higher  boiling  fractions  were  Isolated. 

experimental 

1.4-Pentanediol  was  prepared  by  reduction  oi  acetopropyl  alcohol  with  sodium  amalgam  pi  Yield  70^ 
of  the  theoretical.  Bp  218-220*. 

1.  Reactants.  1.4-per.tar.ediol  7  3  g  (0  07  mole) .  benzene  150  ml.  A1C1}21  g  (0.16  mole).  The  AlCly 
was  introduced  in  small  portions,  over  a  period  of  an  hour,  into  the  benzene-diol  mixture  with  consant  stirrinp 
The  mixture  was  held  at  35-40*  for  9  hours  and  then  at  20-21*  f.rr  15  hours.  After  decomposition  with  water, 
benzene  layer  was  separated,  dried  ard  fractionated.  There  vee obtained:  1-methyltetrahydronaphdialeDC  1.5  g 
(15^^!  of  theory),  b.p.  105-110*  at  18  mm;  4-phenylpenun-l-ol  7  2  g  (62  5^  of  theory),  b.p.  140-147*  at  18  mm. 

2.  Reactants:  1.4-pentare<id  10.4  g  (0  1  mole),  benzene  100  ml.  A1C1}27  g  (0.2  mole).  After  slow 
introduction  of  AlClj.  the  mixture  was  heated  for  4  ho'jn  on  the  water  bath  at  75-85*  and  the  products  were: 
a-roerhyltetrah^’dronaphthalene  7.6.g  (52*?)  of  theory)  and  4-pheaylpentan-l-ol  2.6  g  (16^i  of  theory). 

3.  Reactants:  4-phenylpentan-l-ol  18  1  g  (0.1  i  mole),  benzene  50  ml.  AlClj  15.7  g  (0.12  mole).  After 
introduction  of  the  AlClj  the  mixture  was  heated  for  4  hours  at  75-85*  l-Meihyltctrahydronaphthalet»e  wldi 
b.p.  105-107*  at  18  mm  was  obuined.  Yield  5  g  (69^  of  tneory). 

The  products  of  several  ccrden$at...ns  were  subjected  to  rej>eated  hactionation. 


CH. 

CH 


.CH, 

CH. 


CH,CHCH,C:%CH^C,H, 
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l-KIethyltetrahydronar'fl^lcne  f4}*“b.p.  88-89*  (10  mm):  Hq  1.5310:  dj  0.9539. 

0.CSS2.  0.1322  g  substance:  0.3238,  0.4367  g  COj,:  0.0844.  0.1143  g  H|0.  Found  C  83.98,  90.16; 

H  9.62,  9.67.  CuHj4.  C»*culated  %:  C  90.35;  H  9.6«. 

Oxidatioa  with  nitric  acid  (sp.gr.  1.15)  in  sealed  tubes  at  130-150*  gave  phthallc  acid  with  m.p.  ISS-ISST. 
1-Methylnaphthalene  [5]  was  prepated  by  beating  1-niethyl  tetrahydronaphthalene  with  sulfur  at  180-200*  for  2  hours 

[6].  B.p.  108-109*  (10  mm);  ^  1.6165;  d?  1.0192. 

Picrate:  m.p.  138*  (7], 

The  same  results  were  got  in  dehydrogenation  of  die  product  of  experiment  3. 

4-Phenylpentan-l-ol  [81  An  oily  li<iuid  widi  a  pheasant  odor,  b.p.  127-128*  (8  mm);  n*  1.5170;  dj 

0.9815. 

Found  fft:  C  80.24:  H  9.85.  CuH,^.  Calculated  :  C  80.46;  H  9.85. 

Passage  of  the  vapor  of  4-phenylbutai»>l  in  a  vacuum  (30  mm)  over  copper  gauze  at  240-260*  [1]  led  to 
formation  of  a  mixture  of  the  initial  akohol  and  aldehyde.  A  small  quantity  of  4-phenylbutanol.  Isolated  via 
the  bisulfite  compound,  was  converted  Lnto  the  dinitrophenylhydrazone  with  m  p.  96-97*. 

4.92  mg  substance:  0.775  ml  (30*.  721.5  mm).  Found  N  16.60.  Calculated  flfc:  N  16.36. 

SUMMARY 

1.  It  is  shown  that  In  the  condensation  of  1.4-pentanediol  with  benzene  the  secondary  hydroxyl  group  reacts 
in  the  first  Irutance.  The  resultant  4-phenylper.tan-l-ol  cyclizes  to  l -methyl tetrahydronaphthalene  on  heating  with 
excess  of  A1C1|. 

2.  By  conducting  the  condensation  under  selected  corditions,  it  can  be  directed  in  one  direction  or  the  other 
at  desired. 

3.  Tl.e  described  co.idcnsations  may  serve  as  a  preparative  method  of  synthesis  of  4-pheDylpenun-l-ol 
(63^  of  theory)  and  of  l-roethyltetranydronaphthalene  (52^  of  theory). 
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CHARACTERISTICS  OF  THE  BROMI^ATION  OF  PHEN YLTRICHLOROSILANE 


A.  Y».  Yakubovich  and  G.  V.  Motsarev 


FroQ  tfie  extremely  small  number  of  publications  in  the  field  of  halogenation  of  aromatic  silanes,  we  knew 
dial  the  action  of  halogens  on  aromatic  organosUicon  compounds  may  proceed  in  two  directions.  Thus  the  action 
of  broi_.  ne  on  tetiapbenylsilane  [1]  is  accompanied  not  by  bromination  '  t  ny  cleavage  of  the  phenyl  gtoup.  A 
similar  react!  has  been  observed  when  bromine  acts  on  p-bistriethylphenylsilane  in  presence  of  iron  PJ.  On  the 
other  hand,  the  action  of  chlorine  on  irieAylphenylsUane  led  to  trlethylchlorophenylsilane  Simfiarly,  the 
action  of  dilorine  on  diphenyldichlorosilane  and  on  i^enylmethyldichlorosilane  in  presence  of  FeCl>  SbCl*  or 
SbCls  as  catalyst  ax  70-120*  gave  chlorinated  aromatic  silanes  conuining  chlorine  atoms  in  the  benzene  rings  Pl 
These  data  are  aH  that  have  been  reported  about  the  action  of  halogens  on  aromatic  organosUicon  compounds 
and  about  the  prtxlMCts  of  such  reactions.  More  detaUed  information,  both  about  properties  and  preparative 
methods,  is  available  for  such  compounds  as  p-chloro-  and  p^romophenyltrichlorosilanes.  di'<p-bromoi4ienyl)- 
dichlorosUarse.  whi^  have  been  synthesized  widi  the  help  of  appropriate  organomagnesiuro  compounds  p.Sl. 

But  die  latter  rocte  cannot  lead  to  aromadc  sUanes  containirg  one  or  more  halogen  atoms  in  the  nucleus. 

We  have  enderuken  an  investigation  of  the  halogenation  of  some  aromatic  silanes  and  of  the  properties 
of  the  resultant  halo  derivatives  because  the  above  survey  shows  die  extent  to  which  this  field  of  chemistry  has 
been  neglected.  In  this  paper  we  describe  the  results  of  syndieses  of  bromo  derivatives  of  phenyltrichlotosUane. 
Breminatioo  of  pbesyluichlorosilane  was  performed  in  presence  of  the  usual  catalysts  employed  in  halogenation 
of  aromatic  compoonds  (metallic  iron.  SbCl|).  it  was  established  that  the  action  of  bromine  on  phenyltrvchloro- 
sUane  in  presence  of  metallic  iron  is  accompanied  bya  vigorous  exothermic  reaction.  At  45*50*  the  bromination 
proceeds  fairly  intensively  and  the  bromine  is  completely  taken  up  by  the  reaction  mixture.  Using  a  phenyl- 
trichlorosilaoe/bcoaiine  ratio  (molar)  of  1:0.76,  the  main  reaction  product  is  monobromophenyltricMorosilane. 
which  is  obtained  in  a  yield  of  BO'Jb  of  the  theoretical,  calculated  on  the  reacted  phenyltrichlotosUane: 


C,H,SiCl,  ♦  Br,  - >  CcHiBrSiCl,  ♦  HBr. 

Continuance  of  bromination  at  the  vime  temperatiue  (molar  ratio  of  reactants  1:1.82)  leads  to  formation 
of  dibroraophenykxi^lorosilane  in  a  yield  of  about  70^  of  the  theoretical  (with  an  over-all  yield  of  about  80^ 
based  on  the  bromcphenyltrlchlorosilahes).  A  distinguishing  feature  of  the  latter  reaction  is  that  substitution  is 
accompanied  by  a  secondary  reaction  involving  cleavage  of  products  at  the  Si~<I  bond.  The  cleavage  products 
are.  on  the  one  hand,  a  sUicon-containing  compound  (apparently  SiCl)Br)  and.  on  the  other  hand,  a  brominated 
benzene  (p-dibromebenzene,  isolated  pure).  Consequently  the  bromination  of  phenyltrichlorosilane  at  this  sta^ 
proceeds  according  to  the  scheme: 


CftH^^SiCl,  *  Btt. 


C|HsBr|SiCl|  *  HBr  (main  reaction) 
SiClsBr  ♦  pC*H4Br,  (side  reaction) 


Due  to  ti*  occc*»cncc  of  the  side  reaction  (destructive  bromination)  the  yield  of  dibromo phenyl tri- 
chlotosilaiK  is  reduced. 


Destiueme  bromination  proved  to  be  the  sole  reacticn  uking  place  in  anempts  to  prepare  trlbromophenyl- 
trichlorosilane  la  this  case  the  bromination  proceeds  at  a  considerably  lower  speed  than  in  the  preparation  of  the 
mcno-  and  dihromo- derivatives,  aixl  necessitates  prolonged  action  of  excess  of  bromine  on  phenyltrichlorosUane 
at  80-90*.  Thai,  witii  a  ratio  of  reactants  of  1:3.25  tiie  principal  reaction  product  is  1,2.4.5-teuabromobenzene. 
side  by  side  vitii  dihtomophenyltrichlorosilane  which  is  obtained  in  a  yield  of  24. 6^  of  the  theoretical.  No 
trace  of  tribrom^henyltrichlorosilane  could  be  found  among  the  reaction  products.  Formation  of  1,2,4.5-tetra- 
bromobeixsene  may  be  represented  by  the  following  scheme: 
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This  scheme  could  be  coofinned  to  some  extent  by  experiments  on  d»e  brominxtlon  of  2,4^ibromo- 
phenyltrichloTOsilxne.  Thus,  on  conducting  the  bromination  of  2,4-dlbromophenyltrichlorosllane  (molar  rat  o 
of  C,H,Br,Sia^  BT,  approx.  1:2)  in  presence  of  metallic  iron  at  90-95*.  only  a  sraaU  amount  of  2.4-dlbromo- 
derivative  is  recovered  unchanged;  in  dris  case  the  main  reaction  product  is  l,2.4,5-tetrabrorooben2enf ,  orra 
in  good  yield. 

The  complete  absence  from  Ae  reaction  products  of  tribromopbenyltrichlorcsilane  as  well  as  of  1,2.^6- 
tetrabroinobenzene  permits  the  assumption  that  the  Si”C  bond  is  cleaved  in  dibronxsphenyltrichlorosilanc  tt 
the  action  of  bromiise  and  that  tribromophenyltrichlorosilane  is  apparently  rwt  formed,  even  as  an  intermediate 
product.  Attempts  to  obtain  tribromophenyluichlorosilane  by  bromination  of  2,4-dibromophenyltrichlorosilane 
in  milder  conditions  (in  carbon  tetrachlcride  solution  at  75-77*)  did  not  attain  their  objective  (substantially  the 
whole  of  the  dibromophenyltrichlorosilane  was  recovered  unchanged).  A  positive  result  did  not  follow  thc^ 
bromination  of  the  dibromo-  derivative  in  presence  of  2^  antimony  trichloride  as  catalyst  even  at  180-200  . 

Consequently,  the  course  of  the  bromination  of  i^nyltrichlorosilane  in  presence  of  catalysts  depends 
on  the  nature  of  the  catalyst,  on  the  thermal  conditions  of  the  reaction  and  on  the  ratio  of  reactants.  It  should 
be  noted  that  in  tlie  absence  of  catalysts  the  bromination  of  phenyltrichlorosllane  does  not  take  place  even  at 
170-180*  (in  a  sealed  tube). 

The  structure  of  the  synthesized  bromo  derivatives  of  phenyltrichloiosilane  was  confirmed  with  the  help 
of  cleavage  reactions  in  presence  of  aluminum  chloride  and  bromine  water.  The  first  of  these  reactions  was 
previously  reported  by  various  authors  [6]  for  unsubstituted  aromatic  <llanes  such  as  tetraphenylsilane,  trlethyl- 
phenylsilane  and  diphenyldichlorosilane.  But  the  cleavage  of  the  Sr^  bond  with  the  help  of  bromine  water  hat 
only  been  described  in  the  case  of  quaternary  aromatic  nitro-substltuted  organosilicon  compounds  (7).  In  their 
application  to  bromosubstituted  phenyic..  'trosilanes,  these  reactlotBare  here  studied  for  the  first  time.  In  these 
cases  the  reaction  proceeds  in  such  a  manner  that  the  products  of  the  cleavage  reactions  are  bromo  derivatives  of 
benzene,  e.g.; 

C;H,BrjSiCl,  ♦  AlCl,  >  C^Br,  r  SiO^  ♦  6HC1  ♦  Al(OH), 

C,H,Br,SjCl,  ♦  BT,  2H,0  - >  C^,Br,  ♦  SiO^  ♦  3HC1  ♦  HBt, 

and  it  Is  possible  to  evaluate  their  structure  both  in  respect  to  the  relative  positions  of  the  bromine  atoms  in  the 
aromatic  ring  cf  broinophenyltrichlorosilane  and  in  respect  to  the  orienting  effect  of  the  silicyl  chloride  group.  B 
was  thus  sstablbhed  that  although  the  SiClj  group  must,  by  its  nature,  be  a  meta-crientlng  substituent,  the  bromlna- 
tior  of  phe.nyltrichlorosilane  Ln  presence  of  iron  leads  to  formation  exclusively  of  the  pira-derivative.  Formation 
of  a  para-  and  not  a  meta<derivative  is  confirmed  beyond  doubt  by  the  fact  that  the  product  of  cleavage  of  mono- 
bromophenyltrichlorosilane  with  bromine  water  (beating  at  150-160*  in  a  sealed  tube)  is  p-dlbromobenzene  (yield 
83^  of  the  theoretical):  further  confirmation  is  supplied  by  the  identity  between  the  bromination  product  arid  the 
p-bromophenyltrichlorosilane  prepared  from  p-bromoj^enyl  magnesium  bromide  and  silicon  tetrachloride; 


p^BrC6H4MgBr  ♦  SiCl4 - >  p-flrCsH^SlCl,  ♦  MgBrCl, 

These  results  clearly  demonstrated  an  anomalous  course  of  reactions  involving  substitution  oi  hydrogen  atoms 
by  bromirie  atoms  in  the  pheriyltrichloro»llar^  ring  under  the  action  of  elementary  bromine  in  presence  of  a  catalyst. 
Investigation  of  the  structure  of  dibromophenyltrichlorosilane  fully  confimied  diis  fact;  when  the  latter  was 
cleaved  with  bromirv  water  (heating  at  180-190*  in  a  sealed  tube)  the  reaction  product  was  1.2.4-tribromobenzcne 
(60^  yield):  cleavage  of  dibromophenyltrichlorosilane  with  aluminum  chloride  (using  a  1:1  molar  ratio  of 
components)  led  to  formation  of  m-dibromobcnzcne  in  55^  yield.  These  data  irdicate  that  the  dibromo- 
derivative  of  phenyltrichlorosilane  prepared  by  bromination  of  the  latter  In  presence  of  a  catalyst  is  2,4-dlbroroo- 
phenyltrlchlorosilane.  Here  again,  therefore,  we  observe  an  anomalous  orientation  of  the  bromine  atoms  entering 
the  nucleus  of  phenyltrichlorosilane. 
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I.  ft’cparaticn  of  p-^rompphenyitrichlorQsilane.  Tne  reac':ion  Vessel  wa^  a  four*necked  round- bottomed 
flask  fined  with  a  mechanical  stirrer,  a  dropping  funnel,  a  thermometer  and  a  reflux  ccirdenscr  connected  to  a 
series  of  absorption  bottles  intended  for  napping  the  hydrogen  bromide.  Into  this  vessel  was  introduced  100.0  g 
(0.472  rcole)  phenyltrichlorosilanc  and  0.5  g  powdered  metallic  iron  (O.S^  of  the  weight  of  the  phenylnlchloro- 
silane).  Addition  was  made  to  this  mixture  ,  with  stining.  .-'ver  a  period  of  if- 2  hours,  of  58.0  g  (0.362  mole) 
dry  bromine  (dropwise  from  the  dropping  funnel);  this  was  76. 7^  of  the  amount  of  bromine  theoretically  required 
for  bromlnatioo  to  the  monobroino-  derivative.  After  1-2  minutes  the  temperature  of  the  reaction  mass  began  to 
rise  and  reached  50*.  Intensive  broraination  took  place  at  45-50*.  and  substantially  the  whole  of  the  bromine 
entered  Into  reaction.  When  all  had  been  added,  die  reaction  mass  was  heated  for  one  hour  on  a  water  bath 
at  90-95*  for  completion  of  the  reaction,  after  which  a  stream  of  dry  air  was  passed  through  for  removal  of  the 
residue  of  hydrogen  bromide  and  unreacted  bromine.  The  weight  increase  after  the  air-blowing  was  26.1  g 
(against  28.6  g  theoretically  demaixied  for  bromination  to  the  monobromo- derivative  in  the  conditions  of  this 
experiment).  The  amount  of  hydrogen  bromide  evolved  a:  a  resol:  jf  bromination  was  27.7  g. 

Vacuum-distillation  of  the  bromination  product  gave:  1)  b.p.  68-90*  (6  nun)  —  26.3  g:  2)  b.p.  90-115* 

(6  mm)  —97.2  g:  flask  residue  about  2.0  g  of  dark  resin. 

The  first  fraction  was  mainly  unchanged  phenyluichlorosilanc.  Redistillation  of  the  second  fraction 
gave  94.8  g  colorless  liquid  with  b.p.  105-109*  (6  mm)  which  consisted  of  monobromophenyltrichlorosilane. 

Yield  69^  of  the  theoretical,  calculated  on  the  reacted  phenylulchlorosilane. 

Monobromophenyltrichlorosilane  is  a  colorless,  mobile,  oily.liquid  fuming  in  the  air:  b.p.  108-108* 

(6  mm),  d^  1.6771.  For  the  purpose  of  determination  of  the  bromine  content,  a  small  amount  of  the  obtained 
monobronjopbenyloichlorosUane  was  resinified  by  treatment  with  water  and  subjected  to  analysis. 

Found  Br  38.0.  38.5:  Cl  (hydrolysis)  36.3.  36.1.  CcH^BrSiOi^l.  Calculated  %  Br  38.4.  C«H4BtSia9. 

Calculated  (uyutOljrsu)  36.6. 

The  properties  of  the  obuined  monobromoi^enyltrichlorosilane  were  identical  with  those  of  synthetic 
p-brornophenyltrich!orosilane  prepared  from  p-bromophenyl  magnesium  bromide  and  silicon  tetrachloride.  In 
addition,  evidence  of  tlie  structure  was  obtained  by  cleavage  with  bromine  water  in  a  sealed  tube.  Into  a  glass 
tube  were  introduced  2.0  g  monobromophenyltrichlorosilane,  0.9  ml  bromine  and  1.9  ml  water.  The  tube  was 
heated  in  a  tube  furnace  for  6  hours  at  150-160*.  The  contents  of  the  tube  were  then  extracted  w.'  L  ether  and 
the  ether  extract  was  washed  with  10^  sodium  carbonate  solution:  the  solution  was  then  washed  with  water  and 
dried  over  calcium  chloride.  From  the  ether  exuact  was  isolated  a  crystalline,  white  substance  which  was 
recrystallized  twice  from  alcohol  to  form  lustrous,  white  platelets  with  ra.p.  86.2*.  consisting  of  p-dibromo- 
benzene  (about  1.3  g).  It  did  not  depress  the  m.p.  of  p-dibromobenzene.  Yield  of  p-dibromobenzene  about  83^ 
of  the  theoreticaL 

IL  Preparation  of  2.4-dibromophenyl:richlorosilaoe.  Bromination  of  phenyltrichlorosilane  to  the  dibromo 
derivative  was  performed  in  the  same  conditioni  as  above  except  that  the  amount  of  bromine  brought  into  leaction 
was  correspondingly  increased.  Into  a  mixture  of  100.0  g  (0.472  mole)  phenyltrichlorosilane  and  0.5  g  metallic, 
powdered  iron  (0.5^  of  the  weight  of  the  phenyltrichlorosilane)  was  Introduced  dropwis's.  with  stirring  over  a 
period  of  2f'-3  hours.  138  0  g  (0.862  mole)  dry  bromine,  equivalent  to  91.2<5tof  the  theoretical  amount  for 
bromination  to  the  dibromo  derivative.  During  ♦he  period  of  introduction  the  temperature  of  tiie  reaction  mass 
was  held  at  45-50*.  following  which  the  reaction  was  completed  by  heating  for  one  hour  on  a  water  bath  at 
90-35*.  The  amount  of  hydrogen  bromide  evolved  during  the  reaction  was  57.4  g. 

Vacjum-distillation  of  the  btomLnation  product  gave:  1)  b.p.  85-125*  (6  mm)  —22.0  g:  2)  b.p.  125-150 
(6  mm)  —130.0  g:  residue  in  flask  about  2  C  g  of  dark  resin. 

On  distillation  of  the  first  fraction,  crystallization  Ln  the  condenser  occurred  at  the  very  surt  (needles). 
This  fraction  was  treated  with  water  and  subjected  to  steam  distillation.  From  the  distillate  was  isolated  a 
white  crystalline  substance  (4.0  g)  which  after  two  recrystallizatipns  from  alcohol  formed  white  leaflets  with 
m.p.  86.2*.  This  substance  did  not  depress  the  m.p  of  p-dibromobenzene. 

Found  V  Br  67.2.  67.4  (Carius  method)  Cj»4Br,.  Calculated  Br  67.8. 
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The  residue  in  the  flask  (10.5  g)  after  the  steam  distillation  was  a  light-yellow,  transparent  resin  whose 
bromine  and  silicon  contents  were  consistent  with  the  formula  (C*H4BrSiC)|.|)n.  Formation  of  this  resin  would  be 
due  to  saponification  of  the  monobromoiiienyltrichlorosilaDe  present  in  the  first  fraction. 

Found  ‘Ji:  Br  37.6.  37.5;  Si  13.0.  12.6.  (C*«4BrSiOi,,)n.  Calculated  Br  38.4;  SI  13.46. 

Coruequently  the  first  fraction  contained  p^ibromobenzene  in  addition  to  monobromophenyltrichlwosflane. 

Redistillation  of  the  second  fraction  gave  122.0  g  liriuid  with  b.p.  143-147*  (6  ram). consisting  of  dibromo- 
phenyltrichlorosilane.  Yield  7(Kj)of  the  theoretical,  calculated  on  the  i*enyltrichlorosilane  taken  in  the  reaction. 

Dibromophenlyltrichlorosilane  is  a  colorless,  noobile.  oily  Uouid.  which  fumes  in  the  air;  b.p.  144-146* 

(6  mm),  d**  1.9502.  A  portion  of  the  prepared  substance  was  analyzed  fox  bromine  by  treating  widt  water  and 
estimating  the  bromine  content  of  the  resultant  resin. 

Found ‘Jk:  Br  55.4.  55.8  (Car ius);  O  (h>drolysi$)  28.4.  28.6.  C,H,3r,SlOi.j.  Calculated  ft  55.7. 

C^HjBrjSiCly.  Calculated  Cl  (hydrolysis)  28.8. 

The  total  yield  of  bromophenyltrichloiosilanes  (mono-  and  dibromo-  derivatives)  was  about  80^  of  the 
theoretical 

The  structure  of  the  prepared  dibromophenyltrichlorosilane  was  confirmed  by  cletvage  with  bromine  water. 

A  sealed  glass  tube  containing  2.0  g  dibromophenyltrichlorosilane,  0.5  ml  bromlr.e  and  1.2  ml  water  was  heated  for 
6  hours  at  180-190*.  The  contents  of  the  rube  were  then  worked  up  as  described  above.  From  the  ether  extract 
was  isolated  a  crystalline  compound  which  after  two  recrystalllzations  from  alcohol-ether  mixture  gave  white 
needles  with  m.p.  44*.  consisting  of  1,2.4-tribromobenzene  (1  0  g)  in  a  yield  of  60^  of  the  theoretical). 

For  further  confirmation,  the  dibromophenyltrichlorosilane  was  cleaved  with  AlClj  (1:1  ratio  of 
reactants).  The  reaction  product  (after  decomposition  of  the  reaction  mass  widi  wate.)  was  mKHbromobenzeoe 
a  liquid  with  b.p.  220*.  solidification  point  7*.  and  d**  1.9594  (yield  55^  of  the  theoretical). 

III.  A  tempts  to  prepare  tribromophenyltrichlorcsUane.  1.  Brominatlon  of  phenyltrichlorosilane.  To  a 
mixture  of  35.0  g  (0.165  mole)  phenyltrichlorosilane  and  0.17  g  powdered  metallic  Iron  (O.5*3bof  the  weight 
of  the  phenyltrichlorosilane  )  was  added  dropwise.  with  stining.  85.8  g  (0.536  mole;  dry  bromine  (silane/ bromine 
ratio  -  1:3.25).  The  first  two-thirds  of  the  bromine  was  added  in  the  course  of  labours  at  45-60*  and  substantially 
the  whole  of  it  entered  into  reaction.  Smee  the  further  progress  of  the  reaction  was  appreciably  slowed  down, 
the  last  Third  of  the  bromine  was  added  over  a  period  of  if'hours  at  75-80*.  After  the  whole  of  the  bromine  had 
been  added,  the  reaction  was  completed  by  heating  for  one  hour  on  the  water  bath  at  90-95*.  With  progressive 
cooling  the  brominatlon  product  partially  crystallized.  The  weight  increase  of  the  reaction  mass  after  air-blowing 
was  33.0  g.  The  amount  of  hydrogen  bromide  evolved  as  a  result  of  bromir:atio.n  was  38  1  g  (a  precipitate  of 
SiQi  was  observed  in  the  battle  in  which  tfie  hydrogen  bromide  was  absorbed). 

Vacuum-disullation  of  the  brominatlon  product  gave;  1)  b.p.  135-155*  (6  mm)  -20.0  g;  2)  b.p.  155-165* 

(6  min)  —45.0  g:  residue  in  flask  about  5.0  g  of  dark  resin. 

The  first  fraction  is  an  oily  liquid  containing  a  small  amount  of  crystals  (about  3  g)  of  tetrabromobenzene. 
Examination  of  this  fraction  showed  It  to  consist  mairUy  of  dibromophenyltrichlorosilane  (about  15.0  g). 

The  secpfid  fraction  crystallized  almost  completely  at  the  ordinary  temperature  but  the  crystals  were 
permeated  by  an  oily  liquid.  Two  recrystalllzations  from  dry  dichloroethane  (or  petroleum  ether)  gave  white 
needles  (about  38.0  g)  with  m.p.  175*  and  the  specific  odor  of  polyhalobenzenes.  Analysis  revealed  the  abseiKe 
from  it  of  silicon  and  hydrolyzable  chloti'ic.  while  the  bromine  content  (Carius)  corresponded  to  that  of  tetra¬ 
bromobenzene. 

Found  Br  80.7.  81.0.  Calculated  V  ,ft  81.2. 

The  m.p.  of  175*  agreed  with  that  of  1.2.4.S-tetrabromobenzene. 

2.  Brominatlon  of  2.4-dibromophenyltrichlorosaane.  a)  To  a  mixture  of  20.0  g  (0.054  mole)  2.4-dibronio- 
phenyltrichlorosilane  (prepared  as  described  above)  and  0  1  g  pewdered  metallic  iron  war  added  dropwise.  over  a 
period  of  0.5  hours.  17.2  g  (0.107  mole)  dry  bromine  (silane /bromine  ratio  =  apjM'Ox.  1:2.0).  The  reaction  only 
took  place  with  evolution  of  hydrogen  bromide  when  the  mass  was  heated  to  90-95*.  Heating  was  therefore  performed 
on  the  boiling  water  bath  for  ore  hour.  On  cooling,  tnc  brominatlon  product  crystallized. 
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V?cuum-<ilsiillation  gave:  1)  b.p.  140-160*  (7  mm)  —4.0  g.  2)  b.p.  160-170*  (7  mnr»)  —16.0  g:  residue 
In  flask  about  2  g  dark  resin. 

The  first  fraction,  an  oily  liquid  partly  crystallizing  on  cooling,  was  found  to  consist  mainly  of  unchanged 
dibromophenyltrichlorosUane  with  an  admixture  of  bromo-dcrlvatives  of  benzene. 

Fedistillatlon  of  the  second  fraction  yielded  aboat  14.5  g  colorless,  transparent  liquid  with  b.p.  163-165* 

(7  mm)  which  rapidly  cry..allized.  Tw  rccrystallizatioas  from  petroleum  ether  gave  white  needles  melting  at 
175-176*  (about  9.0  g).  The  analysis  was  consistent  with  the  compound  being  a  tetiabromobenzene.  It  did  not 
depress  the  melting  point  of  1,2.4,5-tetrabromobenzeiK. 

b)  Bromination  of  dibromophenyltrichlorosUane  did  not  take  place  heating  a  mixture  of  15.0  g  (0.04 
mole)  2.4-<llbromopher.yltrlchlorosilane,  45.0  g  carbon  tetrachloride.  0.08  g  iron  powder  and  7.7  g  (0.048  mole) 
bromine  at  75-77*.  When  the  mixture  was  fractionated  the  dibromo  compound  was  recovered  unchanged  (14.0  g). 

c)  Heating  for  two  hours  of  a  mixtute  of  15.0  g  (0.04  mole)  2.4'dlbtomophenyltrlchlorosilane.  0.03  g 
SbCiy  and  9.7  g  (0.06  mole)  bromne  at  ISO  200*  did  jo*  result  la  bromination  of  the  silane.  Fractionation  of 
the  reactiOTi  mixture  gave  14.5  g  of  the  orignai  dibromapuenyltrichlorosilane. 

Sh. VIM  ARY 

1.  The  following  results  were  obtained  ir.  a  rudy  of  the  reaction  of  bromide  with  phenyl trlchlorosQane: 

a)  IT  the  absence  of  catalyst  no  reaction  occurs  ever  a'  200*.  b)  In  the  presence  of  the  usual  catalysts  for  halogena- 
tion  of  aromatic  compounds,  for  example  iror..  rl'g-bromlnat\on  takes  place  relatively  easUy  up  to  formation  of 
the  dibromo-^eilvatlve.  It  was  not  pos'.ible  to  prepare  a  tribromo-derlvatlve  by  bromloation.  of  phenyltrichloro- 
sUane  or  of  dibromophenyltrichlorosiiane  i*  presence  c;  iron  or  antimony  trichloride. 

2.  The  reaction  of  formation  of  bromophenyltnchlorosUanei  is  accompanied  by  the  side  reaction  of 
destructive  bromination  as  represented  by  cleavage  by  bromine  of  the  Sl-C  bonds  of  organosUicon  compounds. 

It  was  noted  that  the  course  of  this  side  reaction  depends  on  the  nature  of  the  catalyst. 

3.  Of  the  products  of  bromination  of  phenyl trtchlorcjllane.  the  mono- and  dibromo-derlvatives  were  isolated 
la  good  yields  and  characterized  Ir.  the  pure  form.  Theu  structures  correspond  respecti”ely  to  1.4-  and  1.2.4-isomers. 

4.  Bromination  of  phenyltrichlorosUane  In  prcjence  of  catalysts  is  found  to  proceed  anomalously  in  respect 
to  the  orietitlr^g  effect  of  the  SiCI|  group.  In  place  of  the  anticipated  meta-orientation  there  was  observed  the 
unusual  ortho -para -orientation  of  the  bromine  atoms  entering  the  nucleus. 
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CARBOXYLIC  ANHYDRIDES  OF  AMINO  ACIDS  AS  A  STRUCTURAL  FRAGMENT 

IN  THE  PROTEIN  MOLECULE 

(Commemoration  of  the  60*  anniversary  of  A.  Ya.  Danilevsky’s  theory  of  elemenury  series) 

L.  N.  Akimova  and  N.  1.  Gavrilov 


After  demoiutrating  in  a  series  of  papers  that  the  polypeptide  theory  is  no  longer  consistent  vrith  *e  experi¬ 
mental  facts  [1]  accumulated  by  numerous  workers  over  the  past  20  years,  we  shall  now  attempt  on  the  basis  of 
model  syntheses  to  identify  the  possible  fragments  of  die  protein  structure  corresponding  to  natural  proteins  in 
properties  and  capable  of  facilitating  the  clarification  of  protein  structure.  These  fragments  include  the  bon^ 
reported  in  1891  by  the  founder  of  Russian  biochemistry.  A,  Ya.  Danilevsky  (21  The  reality  of  the  carbo- 
anhydride  bond  discoveied  by  him  was  experimentally  esublished  in  1924  by  Frankel  p). 

By  the  eighties  of  last  century  a  hundred  years  had  already  passed  since  the  establishment  of  the  elementary 
composition  of  proteins  and  since  the  significance  of  die  amino  acids  for  their  structure  had  been  demonstrated. 

At  that  time  potein  was  characterized  as  a  complex  mixed  anhydride  of  a  relatively  small  number  of  amino  acids 
(not  more  dian  twenty  *'Scha  11.  Grimaux.  Schiitzenberger).  This  period  also  marked  the  start  of  attempts  to 
synthesize  protein  from  amino  acids.  It  was  perfectly  natural  that  in  the  attempu  to  gain  iruight  into  the  structure 
of  the  protein  molecule,  investigators  should  work  along  the  lines  of  combining  amino  acids  among  themselves  in 
such  a  maiUter  that  compounds  possessing  all  the  properties  of  the  lutural  products  would  be  formed.  And  since 
a  number  of  workers  tended  to  characterize  protein  ^s  amino  acid  anhydrides,  it  is  fully  understandable  why  die 
first  syntheses  were  directed  to  the  preparation  of  such  anhydrides.  In  view  of  the  fact  that  most  anhydrides  are 
prepared  by  removal  of  water,  use  was  made  of  the  usual  methods  of  dehydration,  consisting  in  the  heating  of 
the  ammo  acid  or  mixtures  of  amino  acids  in  glycerol  or  with  PtO|.  or  in  treatment  with  thionyl  chloride.  The 
first  to  synthesize  these  anhydrides  wa:  the  German  chemist  Curtius  [4].  He  prepared  the  first  anhydride 
C|H|CONHCH|CONHCH*COOH  (hippurylglycine).  This  synthesis  was  especially  interesting  in  that  hippuric  acid 
was  a  member  of  the  group  of  natural  compounds  since  it  is  found  in  horses'  urine.  This  synthesis  initiated  a  whole 
series  of  investigations  with  a  view  to  synthesis  of  protein.  It  was  thus  shown  for  the  first  time  that  amino  acids 
can  combine  with  one  another  at  the  substituted  amino  bond,  subsequently  named  the  peptide  bond  by  Fischer. 

In  1883  Curtius  drew  attention  to  the  fact  that  the  ethyl  ester  of  glycine  undergoes  spontaneous  transforma¬ 
tion  Into  glycine  anhydride  (diketopiperazine)  and  a  substance  giving  a  positive  biuret  reaction.  For  this  reason 
the  latter  substance  was  called  "biuret  base".  Later  svork  by  Curtius  showed  that  if  moisture  was  removed  from 
the  reaction  mixture,  the  ar  hydride  formation  was  inhibited  and  "biuret  base"  was  the  main  reaction  product. 

But  Curtius'  erroneous  theory  about  the  occurrence  of  the  biuret  reaction  of  proteins  did  not  permit  him  to  put 
forward  a  theory  of  the  structure  of  synthetic  "biuret  base".  And  it  was  only  after  a  further  21  years  that  this 
substance  was  conclusively  identified  as  a  pentapeptide  ether. 

All  the  above  attempts  at  a  protein  synthesis  were  no»  linked  by  common  concepts  of  die  structure  of  protein 
The  diversity  of  amino  acids  in  protein  and  die  high  molecular  weight  very  seriously  complicated  the  problem  of 
elucidating  the  structures  of  proteins  and  have  >o  far  prevented  a  systematic  synthesis  of  these  compounds.  Evidence 
of  this  is  provided  by  the  fact  that  nobody  has  yet  (with  the  exception  of  Rinch  and  Talmud)  presented  a  general 
theory  of  protein  structure,  discussions  ranging  only  round  protein  fragments  and  die  indeterminate  protein 
structyres  proposed  by  Astbury  and  Pauling 

Credit  for  the  first  attempt  to  establish  the  structure  of  a  concrete  fragment  of  the  molecular  structure  . 
belongs  to  A.  Ya.  Danilevsky.  He  was  the  first  to  approach  the  i^oblem  of  protein  structure  as  an  organic  chemist. 

In  attempting  to  establish  the  fundamenul  structural  units  of  proteins,  Danilevsky  concentrated  on  the  fact  that  in 
the  decomposition  of  proteins  Li  the  living  organism  the  end  product  of  metabolism  is  urea:  moreover,  the  products 
of  digestion  of  proteins  with  gas'nc  juice  —peptone  —give  a  pink  color  on  addition  of  CuSQi  and  NaOH.  The 
same  color  is  given  with  these  reagents  by  the  compound  formed  by  melting  of  urea  (biuret).  This  justified 
Danilevsky  in  proposing  that  die  molecular  grouping  of  biuret  in  the  form  of  molecules  or  of  — NHCONHCONH— 


— a.L*i  _■  JTi.  _ 


residues  is  a  precursor  in  the  structure  of  protein.  Danilovsky  writes  as  follows:  .  .  .in  the  protein  molecule  the 
'carboazoto'  group  is  not  actually  the  biuret  residue,  but  it  is  »■  complex  of  atoms  of  carbon  and  nitrogen  which 
have  the  same  intramolecular  behavior  as  in  biuret.  I  therefore  suggest  that  the  biuret  group  of  the  protein 
molecule  has  the  form  “NHCONHCONH*”". 

It  should  be  noted  that  at  that  time  the  biuret  reaction  of  organic  compounds,  wliich  had  been  mainly 
studied  with  diamides,  was  not  associated  with  the  peptide  structure  of  the  protein  molecule,  and  therefore 
also  in  A.  Ya.  Danilevsky’s  considerations  this  reaction  is  not  identified  with  the  polypeptide  structure  but 
with  the  presence  in  protein  of  biuret  and  amides,  h  must  be  emphasized  that  only  E.  Fischer  introduced  the 
biuret  reaction  as  a  characteristic  of  modem  ideas  of  protein  structure  involving  the  presence  of  polypeptides. 
While  suggesting  the  presence  in  protein  of  irxlividual  molecules  (or.  more  correctly,  residues)  of  biuret. 
Danilevsky  sought  confirmation  of  this  suggestion  by  attempting  to  obtain  biuret  by  hydrolyzing  protein. 

All  his  efforts,  however,  were  in  vain,  and  his  tentative  suggestion  was  verified  only  after  ureide  acids 
citrullin.  etc.  “  had  been  found  among  the  breakdown  products  of  protein. 

In  Wat  way  did  A.  Ya.  Danilevsky  sense  the  relation  between  the  biuret-containing  groups  and  the 
main  structural  units  of  protein,  i.e.  amino  acids  ?  To  what  extent  did  his  proposed  structural  micro-bagments 
correspond  to  our  concepts  of  protein  structure?  A  great  deal  has  changed  since  that  time.  The  polypeptide 
theory  of  Hofmeuter  and  Fincher  was  developed  and  discarded,  the  dlketopiperazine  dieory  of  Zelinsky  and 
SadiKov  had  a  salutary  Influence,  and  the  ideas  expounded  by  A.  Ya.  Danilevsky  were  not  fully  confirmed. 

But  Danilevsky’s  ideas  about  elementary  series  have  developed  into  the  concept  of  the  monomer  in  die  protein 
structure. 

Now  the  biuret  group  was  the  precursor  of  the  discovery  of  the  ureido  acids.  The  anhydride  bonds, 
simple  and  mixed,  permitted  the  prediction  of  a  whole  series  of  structures  found  in  other  investigatioru.  and 
their  confirmation  and  development  (the  prosthetic  group,  the  C-O-C—  anhydride  bond,  the  CO*~NH  'peptide 
bond;  utilization  of  the  biuret  reaction  at  a  criterion  of  structure).  But  A.  Ya.  Danilevsky  was  cautious. 

This  is  what  he  writes  about  his  structures:  *. .  .  each  elemenury  series  constitutes  a  prototype  of  protein 
subsunce,  but  is  still  not  protein  substance.  . 

What,  then  docs  Danilevsky’s  elemenury  series  consut  off  In  his  opliion  the  individual  biuret  residues 
are  combined  with  amino  acids  and  prostfiecc  groups  to  form  structural  units  designated  by  him  the  'elemenury 
series  of  the  protein  molecule”.  The  general  formula  of  such  serie#  has  die  form  Y— NHCONHCONH-R.  where 
R  is  an  amino  acid  'esiduc  and  Y  is  a  prosthetic  group  of  protein  and  non-protein  origin  (carbohydrate,  alkaloid, 
amino  acid,  etc.). 

For  example:  * 

Y  “NHCO.NHCONH-CH,-rOOH 
biuret  group  glycolic  group 

Y-NHC0NHCGNH-C,H4-C00H 
biuret  group  alanine  group 

U  is  interesting  that  in  this  form  of  the  compounds  the  amide  group  of  biuret  is  simuluneously  the 
a-amirto  group  of  tlie  amino  acid. 


Moreover,  according  to  Danilevsky  this  fragment  is  linked  to  another  fragment  by  means  of  the  anhydride 
bond  a'xJ  we  obtain  the  trarsition  to  the  maao*trucTure  : 


C4H, 

R  NHCO.VHCONHCHC 


.0 


R‘  NHCONHCONHCHC 
CH, 

An  exceptional  possibility,  according  to  Danilevsky.  Is  the  formation  01  an  anhydride  bond  at  an  amino 
acid  entering  at  the  group  R‘: 
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f  p 

R*  NHCONHCONHCHC 

°SS  )nH  • 

^ CCKNHCONHCONHCOCH 
HO  •  ■' 

^4H»  ch, 

Danilevsky  Aus  suggested  the  existence  in  the  protein  n)olecule  of  two  types  of  anhydride  bonds:  one  type 
-the  predominating  one  -  mainly  in  die  form  of  a  simple  anhydride: 

-COOH 

-1^0  ♦  H^O 

-COOH  -CO 

and  the  odier  possible  ore  in  the  form  of  a  mixed  anhydr  ide  _ •  . 


-Nl^ 


-H,0 


-COOH 


-NH 

I  ♦HiO 

-CO 


This  hypothesis  of  the  occurrence  of  two  possible  types  of  bond  in  the  proteir.  molecule  was  supported,  in  Damlevsky’t  ■ 
opinion,  by  the  specificity  of  the  medium  necessary  for  the  activity  of  ferments  (acid  for  pepsin,  and  alkaline  for 
trypsin).  We  may  note  that  Danilevsky  did  not  ascribe  special  signiHcance  to  the  mixed  anhydrides,  and  he  considered 
that  they  could  be  present  Ip  proteins  but  with  a  lesser  degree  of  probability  than  the  simple  anhydrides.  In  ibis  resides 
the  fuixiamental  distinction  between  Danilevsky's  ideas  about  protein  structure  and  the  polypeptide  theory  which  regards 
a  bond  of  the  mixed  linear  anhydride  type  as  the  principal  and  sole  bond  In  proteins. 

Special  attention  Is  merited  by  Danilevsky's  concept  of  the  anhydride  bond  in  proteins  between  the  micco- 
fragments  which  enclose  the  biuret  group.  Still  another  service  of  Danilevsky  was  that  he  was  the  first  to  approach  the 
problem  analytically  and  to  base  his  hypotheses  on  the  facts  accumulated  at  that  time,  so  diat  be  was  able  to  conclude 
that  the  protein  molecule  comi«ises  microfragments  which  are  Inked  to  form  a  macromolecule.  In  the  nineties  of  die 
last  century  it  was  clearly  demonstrable  that  the  analytical  method  permitted  the  inference  that  anhydrides  entered  into 
the  strucmre  of  protein. 


In  the  twenties  of  this  century  Fta'nkel  [3]  fermented  protein  with  trypsin  and  isolated  anhydrides  of  amirm  acids 
such  as  tyrosine,  tryptophane  and  others,  consistem  with  Danilevsky's  ideas.  When  he  treated  protein  with  pancreatin  be 
observed  the  formation  of  free  tryptophane  (test  by  reaction  with  btomire  water).  The  free  ammo  acid  disappears  on 
continuation  of  the  Ucatment  of  protein  with  pancreatin  or  with  pure  preparatioiu  of  trypsiiu  The  author  explains  this 
change  by  the  syrthesizing  action  of  the  ferment:  he  draws  attention  to  the  following  possible  couplings  or  combiiutions 
of  amino  acids  with  one  another*  dipeptide  —  due  to  detachment  of  one  nolecule  of  H|Oi 
anhydrtde  (a),  alsc  formed  with  los.  of  one  molecule  of  H|0;  and  cyclic  anhydride,  formed 
with  separation  of  2  molecules  of  H|0.  Analysis  ot  the  isolated  Fiaikel  compounds  showed 
that  they  contained  two  free  amino  groups  (van  Sl\Ke  determination)  and  that  carboxyl 
groups  were  absent  (Sorenson's  formol  tination).  All  thu  is  evidence  for  an  anhydride 
structure  of  the  type  of^.  Fiankel's  isolation  of  the  anhydrides  of  tryptopnane  and 
tyrosine  from  proteins  marVed  the  discovery  of  a  new  FjtKtion  of 
trypsin  (up  to  ttien  trypsiD  had  only  bee*.  to  cleave  peptide  bonds),  involving  the 

anhydridization  of  amino  acid^  of  identical  structures.  Formationof  mixed  anhydrides  was  no;  observed  during  the 
process  Frankel's  detection  of  aml^'O  ac  id  anhydrides  in  proteins  and  the  elucidatiot:  of  their  sttix  hire  by  ar  alysis 
permitted  the  prediction  of  the  ratoral  existence  of  this  type  of  bond. 

In  recent  years  investigatior.s  have  been  made,  it  particJar.  of  a  whole  series  of  reactions  leading  to  frie 
synthesis  of  a  carboanhydride  bond  of  a  mixed  type  (3  J  These  reactior'-  were  mainly  performed  with  N-«ibsiltuted 
amino  acids  (carbobenzoxy.  phthaloyl^  which  were  caiverted  into  mixed  anhydrides  under  the  action  of  ethyl  chloro* 
formate  in  presence  of  aertiary  amine  ui  dioxane  ot  chloroform.  TheTesultant  mixed  anhydrides  were  not  isolated 
but  im.tied lately  entered  mto  reaction  with  the  ammo  acid  to  form  compounds  with  a  peptide  bond.  This  metiiod 
provided  a  new  route  to  the  syi.tnesis  of  peptides. 

It  IS  intere^ing  to  note  that  if  Danllev  Jcy  had  realized  his  structure  experimentally,  he  would  indisputably 
have  been  the  foundei  of  the  theory  of  rne  peptide  structure  of  protei.'i.  Foi  the  action  of  simple  anhydrides,  similac 


R-CH-CO 

I 

NH 


\ 


R-CH-CO'^ 

I 

NH  («) 


>' 
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lo  tiiose  indicated  by  Danilewky.  on  amino  adds  leads  (as  wOl  be  shown  below)  lo  the  synthesis  of  peptides. 

Is  our  preceding  studies  [6]  we  demossttated  reality  of  the  N*amlnoacyl  bond.  In  die  further  develop¬ 
ment  of  ±is  type  of  compound  of  diketopiperazine  widi  amino  acids,  it  appeared  to  us  of  great  interest  to  effect 
a  di  eel  synthesis  of  N-cx.n*uoacyldiltetopiperazines  contaming  a  tripeptide.  Since  the  action  of  phosidiorus  penta- 
chk  ride  on  Ifsubsutiitef  .-*peptide»  does  not  lead  to  die  desired  acid  chlorides,  we  attempted  to  prepare  the  latter 
with  the  help  of  other  chlorinating  media.  As  will  be  shown  below,  we  used  diiooyl  chloride  and  oxalyl  chloride. 
After  unsuccessful  attempts  to  syndienze  die  acid  chloridea  of  dl-  and  tripeptides  with  the  help  of  thionyl  chloride, 
we  proceeded  to  investigate  die  chlorination  reactioa  with  oxalyl  chloride.  In  place,  however,  of  the  anticipated 
acid  chlorides  either  we  obtained  mixed  anhydrides: 

C^CO>,NCl%00 

P 

acoco 

or  else  reacuons  wi±  o.alv!  chloride  led  to  water  cleavage  with  formation  of  simple  anhydrides: 

C*H^CO>,NCi^CO. 

/O 


Suxe  the^  ^mple  aunydridei  (j.dglng  by  the  ^«idiek  of  Danilevsky  and  Fxankel)  can  play  a  large  part 
in  the  ktructuie  of  protein,  we  began  a  stedy  of  the  co{jditian>  of  their  formation  and  an  investigation  of  dieir 
properties 

EXPERIMENTAL 

1.  Prepaiatic"  of  Simpl*-  Amiro  Acid  Arhydrldes  from  Mixed  Achydrtdes. 

1.  Chlorination  of  pbthaloyl-glycine  wit;;  oxalvl  chloride  in  benzene.  To  2  g  phthaloyl -glycine  in  a  Gav¬ 
rilov  tube  was  added  2.5  g  oxalyl  chloride  (2  moles)  and  15  ml  dry  benzene.  Heating  was  carried  out  for  48  hours, 
during  which  period  no  visible  charges  were  observed.  At  tne  end  of  the  reaction,  the  precipitate  was  filtered  and 
washed  wi*n  benzene.  A!*er  recrystallizauon  from  nltrobearene  the  subsance  melted  at  215*.  The  Bellstexi  test  was 
negative.  Yield  1.8  g  (9^).  ‘Th:  substance  wa>  assumed  to  be  phthaloyl-jilycloe  anhydride.  We  tested  this  assump¬ 
tion  by  carry'ing  out  the  acyUnor  of  d ike topiperzine. 

Suggested  formula  —R^thaloyl -glycine  anhydride 
c«K4[CO),NCfv:o 

o 

C5H^C0),NC1V^ 

.  Fou.nd  5,;  C  51.30.  61.49.  H3.36.  3.55;  .N  6.S6.  ^14.  C„HJ,07^^.  Caiculatid  C  61.22;  H  3.06;  N  7.14. 

1.1  g  dii^etopiper^L'ie.  fLtely  priivcrlzed.  was  mired  with  3.9  g  (2  moles)  of  the  prepared  phthaloyl-glycine 
anhydride  and  15  ml  rJtrobenzeae.  and  the  mixture  was  heated  on  a  glycerol  bath  at  140*.  All  had  dissolved  after  45 
minutes.  A  precipitate  came  dowr  on  cooling;  Its  properties  (m.p.  385*  and  a  positive  result  In  the  tripeptide  biuret 
reactJo.n  after  sta-ndLng  wl*^t  csujtic  alkali)  i.-dicated  iti  sde-tity  with  the  previously  ix'epared  N,N*-phduloylglycyl- 
diketopipetzaice  (61,  Pritraicyl -give  tie  w«s  isolated  from  the  titrate. 


NH 

""-CO 

i 


C*H^CO),NCH^ 


\ 


C*H^CO),NCIV^O^ 

NH 


H,C 

oc 


2x:och,S(CO)»c,H4 
CO 

♦  2C«H^Cp)xNCHsCOOH 

l^ov 

NCOCl^N(CO),C^ 


ri 


2.  CMortratioa  cf  pr  thaloyl-glvcylgWcijve  wiA  nxalyi  chloride  in  benzene.  1.3  g  phthaioyl-glycylglvcine 
and  1.3  g  c>xa)yl  cnlonde  were  placed  In  a  Gavnlov  tnoe  and  25  ml  dry  benze.ne  was  added.  The  reaction  mixture  was 
heated  for  6  hours  over  a  bur-e^r  and  left  ovenufrnt.  The  p.*ecipitatc  wa;  filtered  a.rd  washed  with  benzene.  The  pro¬ 
duct  conUL-ed  halogen,  tt  wa:  ourifxd  by  treatment  with  aceto'-e.  during  which  process  a  very  small  proportioa  dis¬ 
solved.  The  insoluble  re>id  ue  was  tra3s*crred  to  a  flask  with  a  reflux  condenser  and  heated  in  xylene  until  dissolved. 
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additions  of  xyltne  being  made  from  lime  to  time.  The  he:  xylene  solat.on  was  fiiiered  from  the  insoluble  residue. 
When  the  xylene  soluUon  was  coored  it  deposited  uniform  microscopic  needles.  The  substance  was  insoluble  in  hoi 
water,  alcohol  and  ether,  soluble  in  acetone,  it  was  reciystallized  from  nitrobenzene  and  xylene:  m.p.  220*  with  de¬ 
composition.  The  same  substance  came  down  from  the  acetone  filtrate  On  the  basis  of  analysis  this  compound  was 
assigned  the  structure  of  the  mixed  anhydride: 

CtH4[CO),NCH,CONHCH,CO  ^ 

acoco 

Found  C  47.53,  47.47,  H  2.«,  2  47;  N  7.79;  Q  10.10.  Calculated  C  47.65; 

H  2.55;  N  7.94,  Cl  10.07. 

This  experiment  enabled  us  to  put  forward  the  following  mechanism  of  formation  of  the  previously  prepared 
phthaloyl-glycine  anhydride,  isolated  from  experiment  1  through  the  stage  of  formation  of  the  m’xcd  phthaloyl-glycine- 
oxalyl  anhydride: 

COa  C,H^CO)jNCH,CO 

ll)  C^H^CCOliN-ZHjCOOH  ♦  |  — ►  >0 

coa  cicoco 

(II)  (A)  CjH^CO),NCH,CO  C,H^CO),NCl^CO 

>0  ♦  H00CCH,N(C0),C,H4  ^  O  ♦  HCl  ♦  CO  ♦  CC^ 

cicoco'  C,ll^CO),NCl^CO 


(II)  (B)  2C,K4(C0),NCH,C0  C*H^C0),NC1^C0.  CICOCO 

^O  — >  /O  ♦  /O 

acoco*  C,H^CO),NCi^CO  CICOCO 


The  expet iments  lead  to  the  conclusion  that  the  synthesis  of  simple  amino  acid  anhydrides  proceeds  through 
the  stage  of  the  mixed  anhydrides  This  enabled  us  to  make  use  of  the  recently  prepared  mixed  amino  acid  anhy¬ 
drides  for  the  synthesis  of  simple  amino  acid  anhydrides 


3,  Preparation  of  phthaloyl-glyclne  anhydride.  0.84  g  jihthaloyl-glyciiic  was  dissolved  in  10  ml  absolute 
dioxane  and  0.4  ml  triethylamine  was  added.  After  cooling  with  water  to  10*.  addition  was  made  of  0.4  ml  ethyl 
chloroformate.  After  10  minutes  addition  was  made  to  the  solution  of  0.84  g  phihaloyl-glycine  in  10  ml  absolute 
dioxane.  Evolution  of  CO^  took  place.  After  an  hour  the  precipitate  was  filtered  off.  washed  three  times  with  al¬ 
cohol  and  then  with  etner.  By  its  propettle.'?  and  m.p.  (215*)  the  precipitate  was  identified  as  phthaloyl -glycine 
anhydride.  It  did  not  depress  the  melting-point  of  a  specimen  of  the  above-described  phthaloylglycine  anhydride. 
Yield  1.5  g  (93*51  of  il^e  theoretical).  Formation  of  phthaloylglycine  anhydride  proceeds  according  to  the  followlrtg 
scheme: 


C,H^CO),NCH,CO, 


CjH^CO)jNCH,CO 


O  HOOCCH,N(<I>jC,H4- 


HjCjOCO 


C,H4(CO)iNC1^CO 


)o  ♦  r  HO-C-OC,H,i  CO^  ♦  CjHjOH 


I 


J 


4.  Preparation  of  carbobenzoxyalanine  anhydride  0  94  g  carbobenzoxyalanlne  was  dissolved  in  5  ml  ab¬ 
solute  dioxane  and  0  45  g  triethylamine  was  added.  While  cooling  with  water,  addition  was  made  to  the  solution 
of  C.4  ml  ethyl  chlotoformate  and  the  mass  was  stood  at  room  temperature  for  10  minutes.  Addition  was  then  made 
of  0  94  g  carbobenzoxyalanine  dissolved  in  5  ml  absolute  dioxane.  The  mixture  was  left  for  an  hour.  No  visible 
changes  appeared  in  the  precipitate  and  CC\  was  evolved  After  an  hour  the  precipitate  was  filtered  and  washed 
a  few  times  with  alcohol  and  then  with  ether.  The  product  was  recrystallized  from  nitroberizene:  m.p.  143  .  The 
crystalline  form  (squares)  is  very  characteristic. 

Found  *%:  C  61.79,  61.73:  H  5.65,  5  61:  N  6  50.  6.60.  CttH|40f>t.  Calculated  C  61  69;  H  5.61:  N  6.64. 

Formation  of  carbobenzoxyalanine  anhydride  may  be  represented  by  the  following  scheme: 
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CH, 
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CjHsCHjOCONKCHCO 

\ 

H^CjOCO 


•  O  -r  <‘V?CCHN-50C0CrjCJH* 


CK, 

C.HsCK^OCONHCHCO 

CH, 


•"HO-C-OCiHi 
6 


CQj  ♦  CjH^OH 


5  Preparation  of  carbct>c~*zoxyglycirr  4r.h>d*ide.  1.04  g  carbober.20xyglyclpe  was  dissolved  in  5  ml  absolute 
dioxane  ar-1  0,  J  ml  trieihylamir>e  was  added  Whi  e  coc>li‘’g  wth  water.  0  54  g  ethyl  chloroformate  was  added  and  the 
mixture  left  for  10  mf  uit:.  at  room  temperature,  after  which  1.04  g  carbobe'ioxyalaf’ite  dissolved  ir  5  ml  absolute 
dioxane  was  added  The  mixture  w;«  left  for  an  hour.  Evolu*:cn  of  CQj  took  place  After  an  hour  the  precipitate  was 
filtered  and  washed  with  aic  ho!  arxJ  the.!  wi*h  etlt**.  The  prodjct  melts  at  114'  after  rccrystallization  from  nitroben¬ 
zene  and  has  the  appearance  of  ■hexago.-.al  prisms  c  ..er  t*-e  microscope  Yield  1.0  g  or  50^  of  theory. 


Proposed  formula 

Ct  HjCHjCX'O’CHCHjCO 

r 

CthjCh.OCO\HCH,CO 

Found  ^  C  CO  11.  60.00.  H  4.95,  4  86  n  C.90.  6  84.  Calculated  <?>  C  59.99.  H  4.99:  N  7.00. 

Preparation  by  the  described  method  of  the  corrcspo\Jing  simple  peptide -anhyd: ides  was  complicated  due  to 
the  sparing  solubility  of  die  carboberzoxy  dipeptide  In  dioxane  and  the  complete  insolubility  of  the  carbobenzoxy  tri- 
peptide  in  dioxane  We  therefore  slightly  modified  the  conditions  for  '‘his  reaction  We  took  advantage  of  the  ready 
solubility  of  carbobenzoxy  peptides  in  aqueous  alkaline  solutions.  The  formation  of  simple  peptide  anhydrides  proceeded 
by  a  mechanism  similar  to  that  for  the  preparation  of  amino  acid  anhydrides,  i  e.: 

C,H,CHjCX:ONHCH,CONHCH,CO  C  K  CHiOCOSHCHiCONHCHjCO^ 

♦  ;NaOpcrH|NHCOC^,.VhCX;OCHiC«H, /O  ♦ 
rHjCjOCO'  .  •  CtH.CHjOCONHCHjCO^HCHjCO 


NaO-<-<X:,H, 

II 
o 


1  H,0 


♦  COi  •»  CjH^OH 


This  mechanism  was  checked  by  carrying  out  the  preparation  of  carbobenzoxyglycine  anhydride,  previously 
prepared  by  us  by  performing  the  synthesis  in  diosane  And  It  transpired  that  ’  us  replacement  of  dioxane  by  aqueous 
alkali  not  only  directs  tlie  reaction  in  the  required  direction  bit  also  accelerates  it  Th's  reaction  proceeds  Instanun- 
eously  in  presence  of  NaOH.  In  addition,  the  working  up  of  the  reaction  products  is  great’y  simplified,  and  the  main 
product  (in  the  case  of  carbobenzoxyglycine  anhyd’ide)  is  obtained  in  hign  yield  and  maximum  purity  (carbobenzoxy- 
glycine  anhydride  melts  at  119*  without  recrystallization),  whereas  the  m  p  after  repealed  fccrystallization  of  the  car¬ 
bobenzoxyglycine  anhydride  prepared  in  a  medium  of  diosane  did  not  exceed  114*. 

6  Preparation  of  carbobenzoxyglycine  anhydride  *  4  18  g  carbobenzoxyglycire  was  dissolved  in  20  ml  ab¬ 
solute  dioxane  and  2.4  ml  isobutyldimethylamlnc  was  added  To  the  solut’on  (cooled  to  10*)  was  added  1  9  ml  ethyl 
chloroformate  and  the  mais  was  left  at  ’oom  temperature  for  10  rr.irutes  Addition  was  'hen  made  of  4  18  g  carbo- 
bcnzoxyglycire  in  20  ml  1  N  caustic  alkali  Ai’rr  ar  irterval  of  5  minutes  (to  allow  the  frothing  to  subside)  the  pre¬ 
cipitate  was  filtered,  washed  three  times  witn  water  (to  dissolve  the  amine  hydrochloride),  with  alcohol  (to  remove 
unreacted  carbobenzoxyglycine)  and  with  ether  After  drying  in  a  vacuum  desiccator  the  substance  melted  at  119*: 
Yield  6  5  g  or  81*^  of  the  theoretical  Corice>  Iraiion  of  the  aqueous  alcoholic  mother  liquor  yielded  a  further  1  g  of 
•  In  1950  Wieland  and  co-workers  obtained  carbobenzoxyglycine  anhydride  by  heatirg  carbobenzoxyglycine  acetate 
in  benzene  to  40*  This  product  melted  at  li8  af’er  recrystallizatior.  (instead  of  at  119*  in  our  reaction  conditions  and 
without  recrystallization).  The  authors  propose  the  following  reactiot  mechanism 


Vo  H  H 

I  I  » 

2C,H,CH,OCO-NCH|C'  -P’  r»HjCH,OCONCH,CC>OOCCf.jNOCOCH,C  (CH,CO),0 

^Nxoch, 

Application  of  this  reactior,  however,  ’o  the  |xcparation  of  o’htt  amino  acid  anhydrides  did  not  meet  widi  success 


*22 

i 


substance  Tbe  reaction  probably  r'roct^cs  iccorJin^  to  ihc  followir^  C'^usiions’ 

(I)  CsHjCHjOCONHCHjCO  C,HjCH,OCONHCr,CO, 

fO  ♦  -^OOCCHiNHOCOCH^C^Hi  O  ♦  CO^  ♦  C^HjOU 

HjCjOCO  C,HiCH,OCOSHCHjCO 

(II)  2C,HjCH,CX:ONHCH,CO^  ^  ^  C^HjCHjOCONHCH^CO  f  HjC,OCd] 

)o  'o  ♦  .  O  2C,HjOH  ♦  2CO,. 

HjCjOCO  C*H.CH,OCONHCH,CO  j^HjCjOC:^ 

Note.  When  the  substance  with  m  p  119"  was  recrystalllzed  from  nitrobenzere.  it  had  a  m.p.  114*#  iNil' 
eating  decomposition. 

The  following  experiment  showed,  however,  that  the  synthesis  of  carbobenzoxyglycir.e  a'^hydnde  can 
place  in  two  stages  on  condition  that  an  aqueous  medium  is  used  2  14  g  carbobenzoxyglyxine  was  dissolved  10  10 
ml  absolute  dioxane  and  1.2  ml  isobutyldimcthylamine  While  cooing  with  water  addition  was  made  of  0  9h  ttit 
ethyl  cliloroformate  and  the  mass  left  for  10  minutes  at  room  temperature,  after  which  10  ml  water  was  added. 

Violent  frothing  and  CQi  evolution  took  place  for  one  mLnute  The  precipitate  was  filtered,  washed  with  watrf# 
and  three  times  with  alcohol.  The  properties  of  the  «ubstance  and  its  m  p.  of  119*  indicated  that  it  was  carboliert' 
zoxyglycine  anhydride.  Yield  0.5  g  or  25<?'  of  the  theoretical. 

C>n  the  basis  of  the  above  fsets  we  must  regard  the  formation  of  carbobenzoxyglycine  anhydride  in  an 
aqueous  medium  as  the  result  of  two  reactions  1  and  II  (this  is  evidenced  also  by  the  yield  of  carbobenzoxyglycfrW 
anhydride  which  in  water  is  81%  and  in  dioxane  it  50%). 

7.  Preparation  of  carbobenzoxyglycylglycine  anhydride.  0  66  g  carbober.zoxyglycylglycin€  was  dissolved 
in  10  ml  absolute  dioxane  and  0.5  ml  triethylamine.  Addition  was  then  made  of  0.3  ml  ethyl  chloroformatc,  fol' 
lowed  after  an  interval  of  10  minutes  by  0  66  g  carbobenze  xyglycylglycine  dissolved  in  10  ml  absolute  dioxar«4  4'<d 
0.5  ml  triethylamine  (for  mcreasing  tlte  solubdity  of  the  carbobenzoxy  dipeptide)  After  one  hour  the  preclpiia^e 
was  filtered  off  and  washed  first  with  alcohol  ^nd  then  with  ether.  The  substance  (dried  In  a  vacuum  desiccalof) 
melted  at  I'^G*.  The  substance  with  m  p.  146*  was  treated  with  boiling  ethanol  In  a  beaker  and  then  filtered  at*4 
washed  on  the  filter  several  times  with  alcohol.  Under  the  microscope  the  filtrate  crystallizes  in  horaogenetwi 
needles  which  settle  when  ether  is  added.  The  alcoholic  filtrate  was  precipitated  with  ether.  The  resultant  snb' 
stance  was  tlie  original  carbobcnzoxyglycylglycine. 

The  precipitate  which  had  been  treated  with  alcohol  and  was  insoluble  in  It  was  recrystallized  froitl 
benzene.  M  p.  148* 

Note.  Carbobcnzoxyglycylglycine  is  soluble  in  boiling  dioxane.  In  alcohols  and  in  hot  nitrobenzene.  It 
comes  down  fiom  hot  ethyl  alcohol  in  the  form  of  needles.  The  obuined  substance  Is  absolutely  insoluble  In  •!' 
cohol,  It  crystallizes  from  nitrobenzene  in  characteristic  semilyrate  crystals. 

Proposed  formula: 

c,H5Ch,cx:onhch,conhc»,co 

V) 

C*H,CH,0C0KHC1^C0NHCH,CG 

Found  %  C  56  14.  55  98.  H  5.25.  5.15.  N  10  85,  10  81  C,4Hj60,N4.  Calculated  %.  C  56  03.  H  6  06.  N  IJ.SS. 

Determination  of  the  acid  equivalent.  0.0531  g  substance:  0  05  ml  0.1  N  NaOH  Atizr  standing  for  24  hours 
the  solution  was  acidified.  Hydrolysis  consumed  0  15  ml  0. 1  N  NaOH  in  the  titration.  Correspondmg  to  11  3  equiva 
lents. 

8.  Preparation  of  the  carbobenzoxy  tripeptide  anhydride.  0  32  g  caibjbcnzoxy  liipeptide  was  diMolved  ic 
10  ml  absolute  dioxane  and  0.2  ml  triethylamine.  Addition  was  then  made  of  0.11  g  ethyl  chloroformare  Af«er 
standing  for  10  minutes,  addition  was  made  to  the  mixture  of  0.32  g  carbobenzoxy  tripepnde  in  10  ml  dioxane  and 
0.2  ml  triethylamine.  After  standing  for  two  hours,  the  precipitate  was  filtered  off  and  washed  with  dioxarn*,  alcohol 
(several  times)  and  ether  The  substance  dried  in  a  desiccator  had  m  p  156*.  In  order  to  free  the  reaction  product 
from  the  original  carbobenzoxy  tripeptide.  aqueous  alcohol  and  neuual  red  were  added  to  it  R  was  titrated  vriih 
0.1  N  NaOH  and  the  insoluble  precipitate  was  filtered  off  and  washed  with  water  and  (repeatedly)  with  alcol-*!  to 
remove  the  color.  The  insoluble  precipitate  was  analyzed 
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Proposed  fannuU- 


GtH.CH  OCONHCH^CONHCHjCONHCHiCO. 

O. 

CfHjCH^OCONHCHjCCy'CHiCO^HCH^CO 

Found  C  52. C5.  52.73  H  5.19.  5  31.  N  13.30.  13.35:  incombustible  residue  1.71.  l.dS. 

Ci|Hr  O.^Nj.  Calculated  ‘Jb:  C  53.5;  H  5. OS:  N  13.38. 

Note-  The  anall-rical  data  clearly  ir^dicare  that  we  are  dealing  with  the  anhydride  of  the  phthaloyl 
tripeptide  contaminated  with  Ba.  since  the  incombustible  residue  amounts  to  1.7^  of  the  total  weight.  Barium 
was  present  in  the  titrated  alkali  solution.  It  is  therefore  necessary  to  talce  into  consideration  the  separation  of 
the  carbobenzoxy  tripeptide  anhydride  from  the  original  carbobenzoxy  tripeptide  We  could  probably  achieve 
complete  separation  of  th.-  anhydride  from  the  original  peptide  by  titration  with  alkali,  but  only  if  barium  was 
absent  from  the  alkali. 

11.  Synthesis  of  Peptides  with  the  Help  of  Simple  Amino  Acid  Anhydrides. 

1.  Syrtuesis  cf  pii’haloyiglycylglycine.  1  g  phthaloylglycine  anhydride  was  mixed  widi  0.27  g  glycine 
in  15  ml  water  and  0.28  g  NaOH  (2  moles  NaOH  per  mole  of  formed  phthaloyl  dipeptide  and  per  mole  cf  phthal- 
oylglycine  resulting  from  the  reaction).  Pie  suspension  was  shaken  on  the  machine  for  an  hour:  part  of  the  pre¬ 
cipitate  failed  to  dissolve.  An  additional  C.l  g  NaOH  was  then  added  and  the  whole  dissolved  on  further  shaking. 
At  the  end  of  the  reaction  the  solution  was  neutralized  with  h>drochloric  acid  until  the  reacuon  was  weakly  acid, 
and  evaporated  to  dryness  in  vacuum.  The  residue  was  taken  up  with  water,  filtered,  and  washed  with  water 
until  the  wash  liquors  gave  a  negative  reaction  for  halogen,  fhe  precipitate  then  was  washed  three  times  with 
alcohol  (phthaloylglycne  was  detected  in  the  filtrate'  and  r.ncn  with  ether  The  substance,  dried  in  a  vacuum 
desiccator,  melts  at  231*  a.^d  gives  a  dipeptide  biuret  reac'ion.  Analysis  indicates  that  the  substance  is  phthal- 
oylglycylglycine  [7].  Yield  0.35  g  or  53^  of  the  theoretUal. 

Tne  reaction  proceeds  according  to  the  scheme: 


CeH^CO),NCH,CO 

/O  ♦  NhjCHgCOOH  -  CjH^COljNCHjCOONa  ♦  CtH^CO),NCi^CONHCl^COONa. 
C,H^CO)iNCH,CO 

2.  Synthesis  of  phthaloylglycylglycylglycylglyctne.  1  g  of  phthaloylglycine  anhydride  was  mixed 
widi  0.65  g  glycylglycylglycine  dissolved  n  15  :nl  water  with  0.28  g  NaOH.  The  reaction  mixture  was  agi¬ 
tated  on  the  shaker  for  an  hour,  a  very  small  amount  failed  to  dissolve,  a  further  0.05  g  NaOH  was  therefore 
added.  Vigorous  shaking  rejulted  in  a  transparent  solution.  After  ncutialization.  the  solution  was  evaporated 
to  dryness  in  a  vacuum.  The  precipitate  brought  on  to  a  filter  with  alcohol,  was  insoluble  in  organ'c  solvents 
and  slightly  soluble  in  water.  After  treatment  with  water  (for  removal  of  NaCl)  the  precipitate  was  washed  with 
alcohol.  The  alcoholic  filtrate  proved  to  be  entirely  free  from  any  compound. 

When  the  biuret  reaction  was  performed  with  the  precipitate,  a  clear  red  color-  was  developed  in  tlie 
first  instant  of  addition  of  the  copper  solution,  and  only  after  addition  of  excess  of  copper  did  a  violet  color 
appear.  This  precipitate  is  inevitably  a  mixture  of  tne  formed  phthaloyl  tetiapeptide  and  the  original  tri- 
peptide.  But  due  to  their  extraordinarily  similar  xilubility  characteristics  (soluble  in  water,  insoluble  or¬ 
ganic  solvents),  this  mixture  could  not  be  separated  into  its  components  However,  the  separation  from  thi 
alcoholic  filtrate  (when  working  up  the  main-precipitate)  of  phthaloylglycine  clearly  points  to  the  following 
course  of  the  reaction: 

O  -r  NH,Ch|CONHCH,CONHC»l,COONa  — *>  C«H4(CO),NCH,CC)OH  ♦ 

CsH4(CO),NCH,CO''^ 

♦  C,H^C0),NCH,C0NHCH,C0NHCH,C0NHCH,C00H 


C*H^C0),NCH,C0. 

N  \ 
\ 


h  was  cor-sequently  impossible  to  iso’a'e  the  phthaloyl  tetrapeptide  from  this  reaction.  We  only  es¬ 
tablished  its  undoubted  formation  from  the  evidence  of  the  red  biuret  reaction. 

3  Synthesis  carbobenzoxvglycylglvcine.  0  37  g  glycine  was  dissolved  in  10  ml  (2  moles)  1  N  NaOH 
and  2  g  carbobcnzoxvgiyrne  anhydride  was  added  After  15  minutes’  standing  the  perfectly  transparent  solution 


.-.IS  ariuifict.’  with  hyJroch’oric  acid 


..i>  ......  ..., - - ..:v.  L.MU.  {  r:ccip;^a»e  vas  filtered  off  a-'J  washed  first  with  water  and  then 

..itli  al  o.’icl  (  li  .:cs)(fo  ^cix^ration  fra.n  carlohcn  ,cxy;^,iycirc)  a'd  erl  e'  Aher  drying,  in  a  \ac;ni  :»  i'..siccator.  the 
substance  ..icltoj  at  1  -t:  .  its  OL..''r  p;Oix.rtjC'i  (pc>s:rivc  b'^rcr  reactio''  nf  th-e  dif^ptidc  tyjv,  m  .■hihjliiy  in  water  aiiJ 
solubility  in  alcohol)  identified  it  with  ca:bohcr..;o*yclycyljiiycinc  [*]  Yi-cl-j  1  0  g  or  'S'l  of  the  theoretical. 

•For.nation  of  carbobcncoxyglycylpjyc’ne  procc-cds  according  to  tpe  following  scheme; 


C ,  H  ^CMjtX'ON  *fC  HjC  OOV  a 


CjiijC  N  nc  H,co^ 

'  .  O  +  N.H,CH,CCX)Na 

c,»5CH,cx:oNtic  n,co 

♦  C,H5CiVXONHC?i,CONHCHiCOO\a 

4  Synthesis  of  catbobcn^oxyglycylglvcylgiycne  To  4  c  caroobef'zo'fvglycine  anhydride  was  added  1.32  g 
e.lycylf.lycinc  dissolved  in  10  mi  1  s  NaOH  (2  mole.)  A're:  con.p  c»c  .olurion  acidification  was  effected  with  hydro- 
clilonc  acid  until  weakly  acidic.  The  resuliam  precipoa’e  was  filtered  otf  a  d  wasned  with  water  until  the  residue 
reacted  i>cgativcJy  »o  the  ninhydrin  test  the  residue  was  ’hen  ’reared  on  •}«  Mter  with  alcohol  (carbobenzoxyylycine 
was  separated  from  the  filtrate)  After  drying  m  a  vacuum  desiccator  the  substance  melted  at  Ib'j*.  Its  properties 
(co  ..pleic  insolubility  in  alcohol,  biuret  reaction  of  the  rripep»tde  type)  ider  tided  it  with  carbobciizoxyglycylgly- 
cvlr.lyoinc  If]  Yield  1  0  g  or  SOryliof  die  theoretical 

S  •  M  k’  A  R  » 

A  >.1  Danilevsky  s  proposed  structural  links  between  aniuo  acids,  resulting  in  formation  of  an  anhydride  bond 
at  dicir  carboxyl  groups,  have  been  adr.;uat>.ly  enfr  ned  bv  r 'o  kel  $  investigations  as  being  psJsslblc  structural  frag* 
nciits  of  protein, 

Tlicsc  investigations  and  ideas  were  irden'rvediy  totgot**;.  .  by  lire-  r '•■'s*’.gdTcrs  in  tlic  ptolein  field.  We  are 
csSiiipellcd  to  conclude  however,  liiat  such  foruis  of  bo'-d  ca  b'-  Pt -“ti'  :  ‘t-.c  pro'cio  mo’eculc  1)  in  the  foim  of 
ester  bonds  (ester  bonds  of  silk  (lOJ).  completclv  li'sti''g  Ttc  b’gi  ;z<'J  moiccnle.  with  ot*c  another.  2)  as  links  between 
tlie  final  carboxyls  of  the  tripe ptides  in  mo'omer  *so  1  or  mo'oir.t*  "vo  2 


No  1 


C^-N Hr  C ON t K.  K.c O s ttC ft, c  o 


'.o 


CH, 

C-*NHCH,CONtH‘  M  CON»lCH,r  n 


No  2  C-’NfC  H,rONH(  M.CON-l(  'S,|  ON(  H  HCM.t'ONHCHXO^ 


<!:-NHCH^eONHC*i,CONHCri,C  O  <  !•,(  •  l\MC  H,.  ON.«r-M,r'0' 
C)  as  linear  links  between  2  monomers  at  the  carbo»\1s 

51-.^  ■ 


^  ^\C(NHCH,C 0).0vr OC Mi N‘t).C  ') 


In  the  present  investigation  we  succeeded  in  estapp.piiig  'i^e  rpech-.ni'iii  of  synthesis  of  simple  anhydrides 
from  mixed  anhydrides.  We  also  studied  dx?  reaction  of  foriiia-io-  ot  n  aiu'noacyl  derivatives  of  diketopiperazine 
with  the  help  of  simple  anhydrides,  and  wc  made  use  o*  the  l  ifer  lo  !'*-  _p'eparatiQn  of  peptides 

Tlie  following  compininds  were  synthesized  for  the  ff'"  tune  l)  phthaloylglycinc  atihydride  2)  phthaJayl- 
r.l>-ciixr  chlorooxalyl  a'l.^'vdridc  3)oarbobcnzcv.aljn’  e  a-'h.d  idc  i)  carbohen/osvglycylglycine  anhydride  The 
possibUify  was  also  denonsuated  of  for.nation  by  »hc  'i.TC  mttt-.-M  of  mo/e  complex  peptide  anhydrides  (c a rboben* 
zoxyglycylglycylglycylg.lycine  anhydride) 
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xn  SYNTHESIS  OF  MIXED  ESTERS  Of  PH0S»'H0RIC  a^D  THIOPmi  ttvEHORlC  ACID 


Y«.  A.  Mandelbaum.  I  L  'Vladimirova  a».d  .'w  **  Melnikov 


Several  esters  of  phosphoric  and  tbiophosphnric  fl^cids  have  found  quite  * »»r»oiwe  application  ir  agriculture 
as  desuoyers  of  various  plait  pests  [1  14]  Diethyl  ■4-^irropt’eeyImu)p*^osp''a»r  Pa*  particularly  expensive  appli* 
cation,  its  destructive  action  co'‘<iderably  surpassing  that  of  suen  acMve  subs'a'tei  a*  DDT.  hevachlorocyclohexane. 
nicotine  an^d  anabasine  This  group  of  compc  •->d.  nas  coosequer'ly  4*rrac»ed  the  i  i»efe»t  of  many  investigators  and 
at  the  present  time  several  ho'dred  derivatives  of  phosphoric  a'd  o«pr-orK  it  ‘d  been  studied  for  dieir 
action  on  plant  pests  the  number  of  comoounds  sy>t'ne>i2td  and  s'udied  i*.  mis  fw  td  continually  increases  Pur  not- 
widistarHjing  the  great  number  of  pubUcanons  !'•  thi»  field  there  is  ar  ibserce  ftoii*  literature  of  systematic  studies 
of  the  dependence  of  the  activity  of  organic  compounds  of  p^om'^orus  :r  reUtio  §  p'a*'*  pcsts  on  their  structure. 

In  view  of  the  great  i.^terej*  i  t.hi*  group  of  compou  d  .  we  j  d-ftonfc  >  .  I’-ve stigatior  of  the  synthesis  of  var¬ 
ious  esters  of  phosphoric  and  thiopno>phoric  acids  witn  the  atm  o!  studyr  g  tne  rcla'toi  between  the  intensity  of  their 
acuon  on  plant  pests  and  their  structure 

In  the  first  place  we  synthesized  a'^d  studied  t?:e  e»'ers  of  prosptiotic  fd  fHiopFiOsphoric  acids  with  the  gen¬ 
eral  formulas  (Q  and  (!I). 

I'  '!  I  ,s  ’ 

(!)  C.hJ.  OP^OR).  „  <!*) 

Esters  of  phosphoric  acid  were  synthesized  by  the  ge*etal  rea'tio>  «Fpi  ed  to  't.f  preparatiori  of  compounds  of  this 
type  [IS]: 

.0  ('  • 

PCI, (lO)^ POH->  (R3).p  c  .  a  • 

Vi 

Mixed  esters  of  thiophosphoric  acid  were  simOariy  prepared  accordf^g  *o  the  fo'Hwirg  ge.'eral  schemes  [16.  17] 

'  *  ■ 

ROH  +  PSCl, — t  (RO),PSC!  t  HCI  2(R0),PSr»  f  C.h-rf  DN*),  “~k  C  f'.l  ♦  2NaCl 

The  compounds  that  we  prepared  aid  their  pr?perf.e.  a»e  'ft  cu*  ;  Ta^'t;  *  2.  a'.d  theit  activity  toward 

the  grain  weevil  (Calandra  gra  arta)  is  detailed  in  T*Dle  3  The  pe  ’icidal  'c*'-  w^te  carried  out  by  P  Popov. 

From  the  data  of  Table  3  we  see  tnat  the  prl0^proTic  acid  esvrs  arc  irintr  jcriv^  »f.in  rtie  thiophosphoric  acid 
esters.  The  activity  of  phosphoric  acid  esters  increases  with  ncres'i'g  molecultt  weigh'  of  rhe  aliphatic  hydrocarbon 
radical,  while  that  of  the  thiophosphoric  acid  esters  decreases  Hvdroqui'*o  c  d«  fi**'ivts  ate  rather  more  active  than 
resoicciol  derivatives. 

expfrimemtai 

Reparation  of  mixed  esters  of  phospnor'c  acid  •''•o  a  f|j»i-  f^'ied  •  <  tcfluv  co'-denser  a-'^l  a  stirrer  we 

intrcxluced  1  mole  of  the  phe  ol.  2  ncJcj  diaKyicf  lotonrO'P' a’e  4  8  tiinr>  t*r  weight  c*  aceto  e  and  2  3 

moles  anhydrous  sodium  carbo.nate  in  tre  powder  form  The  mt«tvf'e  wa»  b"*!  cd  wi'h  tfiorough  s»irrtng  for  4-o  hours. 

At  the  conclusion  of  the  reactioi  'he  formed  '^aCl  NaHC.^j  and  ’he  e*ccsv  of  vJn-in  carbonate  were  filtered  off. 
the  acetone  was  distilled  off  from  the  ti:»ra’e  a-d  tr>e  revdue  wi-  frac’'0'  i'cd  I  vacuum  Tne  compounds  so  pre¬ 
pared  are  listed  in  Table  1  Phosphorous  de'ermmatio'’ s  on  at!  t^e  compou’ds  wrte  carried  out  by  vhe  photocolori- 
metric  method. 

Preparation  cf  mixed  esters  of  thioptospr-onc  acid  We  employed  Toy  *  method  m  sligtnly  modified 
form  Into  a  four-necked  flask  fited  wrn  a  stjrrer  dropping  fu”  el  f  e’moiTirti*f  I'd  reflux  condenser  was  intro¬ 
duced  the  phenol  to  which  had  been  added  an  equimolecuiar  amnu"  of  v.«ditjm  The  methyl  alcohol 

was  distilled  off  and  to  the  dry  residue  was  added  ..hlorobe'ze-e  i»'d  »he  aprmp'****^  diaikyictilorothiopbospbate 
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TABLE  1 
Properties  of  Riosphoric  Acid  Esters 


Prep,  j  Naraeandformula 

No. 

dj*  !  ng  Yield 

i  ,(*> 

Analysis  for 

found  calc. 

1  1.4-Pbcnylenebi5-<dimethylphosjAaie) 

(CiV5),P-0-^  ^^-0-P((X:H,), 

O  o 

95*98*  at 
0.02  mm 

. 

. 

1  1.3883  •  1.4738; 70 

i  -i 

1  1  i 

•  ?  I 

18.65.  19.02 

:  18.72 

i 

« 

2*  1.3*Phenylenebis-(dimethylphosphatc) 

(C.H,0),P-0-  |-0-!^0CH,), 

110-115  at 
0.025  mm 

’  1.2720  :  1.4997  31 

t  i 

■  * 

.  18.75.  19.02 
.  18.82' 

O 

O 

? 

: 

3  l,4*Phcnylenebis-(diethyliAiosphate) 

(C,HjO),P-0-  /0-P{OC,Hj), 

118*121  at 

0.15  mm 

1.1913  ■  1.4575  61 

15.95.  16.02 
16.32 

O  O 

1 

4  l,3-?hcnylcnebis-(diethylphosphate) 

(C,H50),P-0».  ^pO-P(OC,H^ 

155-156  at 

0.13  mm 

1.2048  1.4856  39 

f 

1587.  16.02 
1593 

o  ..J  o 

1 

5  1.4-Rienylenebis-<diisoptopylphosphate) 

\ 

(isoC,HrO),P-0-  ''  ^  -0-P(OC,H,-iso), 

102-110  at 
0.024  mm 

1.2250  ,  1.4440  78.5 

* 

14.01.  14.15 
13.97 

o  o 

• 

6  1.3  Phenylenebis-fdiisopropylphosphate) 

:(ivo-C,HtO>|P-0-  '  '-0“P(OCjHj-iso), 

110*112  at 
0.035  mm 

1.1069  1.4500  78.7 

. 

* 

■ 

13.8.  14.15 

13.98 

°  o 

i 

!  , 

j 

A  few  drops  of  p>'Tidine  were  added  as  catalyst  and  the  reaction  mixture  was  heated  with  good  stirring  to  120*130* 

for  7*15  hours.  At  the  end  of  the  reaction  the  separate  sodium  chloride  was  filtered  off.  The  chlorobenzene 
was  distilled  off  from  the  filtrate  in  vacuum  and  the  residue  was  washed  with  water,  dried  with  calcium  chloride 
and  distilled  in  vacuum.  The  compounds  that  we  prepared  and  their  properties  are  presented  in  Table  2.. 

SUMMARY 

1.  12  mixed  esters  of  phosphoric  and  thiophosphoric  acids  were  synthesized. 

2,  An  examination  of  the  activity  of  the  synthesized  esters  toward  the  grain  weevil  showed  that  phosphoric 
acid  esters  are  more  active  than  thiophosphoric  acid  esters.  Hydrequinone  derivatives  are  more  active  than  rejorcinol 
derivatives. 

The  activity  of  phosphoric  acid  esters  rises  with  increasing  molecular  weight  of  the  aliphatic  hydrocarbon 
radical  All  the  synthesized  esters  were  less  active  than  diethyW-nitrophenylthiophosphate. 
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TABLE  2 

Properties  of  Thiophojphoric  Acid  Esten 


Prep.  1 
No.  1 

Name  and  formula  • 

i 

I 

B  p.  1 

I 

1 

I 

4* 

i  ng  1  Yield 

i 

1.  Analysis  foe 

'  _ 

i  found  calc. 

1 

1 , 4-Phe  ny  le  neb  is  -(d  ime  thyl  th  iophosphate) 

\  i 

(CH;0),PO-  ^  -OP((X:H,]i  j 

S  s  i 

! 

lor  at  j 

0,04  mm 

1 

1.2428 

T - ^ - 

1  1.523C‘  29 

1  • 

1  17.1.  .17.32 
!  17.0 

2 

1.3-Phenylenebis-<dimethyl  rhiophosphare) 

(CH^7),P-0-  ^ 

i;  ii  1 

S  y  S  1 

120-125  at 
O.IC  mm 

1 

1 

1.2890 

1.5310  71 

17.00.  17.32 
16.95 

3 

1 .4-Phc  nylencbis-(d  iethylthiophosphate)  ^ 

(C,H»0),P0-/  -OPtOCiHe), 

s  s 

i 

j  134  at 

1  u  2  mm 

! 

1  2496 

1  515S  28 

14.72.  14.95 
14.74 

4 

1.3*Phenylenebis*(diethylthiophosphate) 

VOPlOCiH,), 

1  ■  is 

S  \  y  S 

l.^'Phenylenebis-fdiisopropylthiophosphate) 
(iso-C,H,0), PO-  '  ^  \ .--0-P(0C,K,  i$o)| 

s  s 

130  at 

‘  0  15  mm 

1.1991 

1.5113  51.5 

• 

1 

14.63.  14.95 
14  69 

5 

Does  not 
di^Ml  at  0.05 
mm  without 
dccomp. 

1.1720 

1 

1 

f 

1.5193  58.0 

i  : 

13.4.  13.2 

13.32 

l.S'Ph^nylenebis-fdiisopropylthiophosphate} 

*  X,'-  * 


Dmo 


1.1352  ,1.5103  33.4 


12  S5.  13.2 
13.06 


TABLE  3 

Activity  of  Esters  of  Phosphoric  and  Thiophosphoric  Acids  toward  the  Grain  WeevU. 


Prep. 

No. 

— 

'  Name 

t 

Maximum  cooceauation  of  preparation  giving 
100<^  kill  of  gram  weevil  in  24  hours 
multipl’ed  by  10*  (in 

1 

*  1.4-Phenylenebis-(dimeihylphosphate) 

50  100 

2 

1.3-Phenylenebis-(dunethylphosphate) 

Over  100 

3 

1 .4 -Phe  nyleneb  is-(d  ie  thy  1  phosph  ate) 

25-50 

4 

1.3-nienylencbis-(diethylph05phate) 

Over  100 

5 

•  1.4-PhenyIenebis-(diisopTopylphosphate) 

5  25 

6 

1.3-Phenylenebis-(diisopfopylpho$phate) 

5  25 

7 

1.4’-Phenylenebis-(dimethylthiophosphate) 

100  250 

8 

1.3-nienylenebis-(dimethylthiophosphare) 

Over  1000 

9 

1.4-Rtenylenebis-(d  <ethylthtophospnate) 

1000 

10 

1.3*R)enylenebis-(diethyIthiophosphate) 

100 

11 

1.4-FhenyIenebis-(diisopfopylthiophosphate) 

1000 

12 

l,3-Rienylenebis-(diisopropylthiophosphate) 

•  1000 

13 

Diethyl-4 -nitrophenylthiophosphate 

2  5  5 
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ORGANIC  INSECTOFUNGICIDES 

Xin.  SYNTHESIS  OF  MIXED  ESTERS  PHOSPHORIC  AND  THIOPHOSPHORIC  ACIDS  CONTANING  THE 
SD.IPLEST  SMJSTITUENTS  IN  THE  ALIPHATIC  RADICAL 

M.  L.  Galashina.  1.  L.  Vladl.nirova.  Ya.  A.  Mandelbaum  and  N.  N.  Melnikov 


It  was  recently  shown  [IJthat  dlaIVyflrtrophenylthioi^o>phates  are  fairly  active  insecticides,  while  diethyl-4* 
nitrophcnylthiophosphate  has  found  practirai  application  in  agnculture  [2  101  alto  know  that  the  position  and 
character  of  the  substituent  in  the  aro;natlc  radical  very  profou»vlly  influence  the  insecticidal  activity  of  a  compound. 
In  this  connection  it  was  of  interest  to  iyrrtl*eiize  and  study  mi»ed  esters  of  phosphoric  and  thiophosphoric  acids 
containing  the  simplest  possible  tubsutuents  lo  the  aliphatic  radical  and  a  niuogroup  in  the  aromatic  radical. 

In  the  first  instance  we  syntheiized  compounds  with  the  gei'eral  formulas  (I)  and  (11): 

rY 


(XCH,C1^0),P, 


(I)  XCHjCHjOP^ 


(U) 


'OC,H4NO^  '  (OC.H^NC^), 

where  X  is  chlorine  or  C^HiO  and  Y  is  oxygen  or  sulfur. 

-  These  compounds  were  syntheiued  l»y  the  general  reaction  for  this  type  of  compound. 

.O  O 


PCI,  ♦  ROH 


(RO),POH  (*10),?^ 


(RO),P' 


a  'oc,H4NCi^ 

BOPSCl, - ^  ROPS(OC«H«NO^; 

(FO),PSCl - ^  (RO>,PSOC,H4NO^. 


ROH  ♦  psa,  — 

ROH  ♦  Psa,  — 

A  Ust  of  the  syiBhcsized  compounds  and  their  properties  appears  in  Table  1. 


TABLE  1 


Name  and  formula  j 

M.P. 

■1 

1  Analysis  for  P 
^  found  1  calculated 

1 

B-Chloroethyl-4.4  -dinitrodiphenylphosphate  1 

ClCH,CH,OPO(OC*H4KCi), 

1  1 

1  86-6r  . 

1 

— 

7.24.  7.46  ! 

!  7.70 

t 

6 -Chloroeth  yl-4 . 4 ' -dimtrodiphe  ny  Ithiopf^^^phate 

C1CH,C1^0PS(0C4H4NC\), 

95-93 

1 

1 

7.50.  7.60 

7.40 

fl.fl  ’-Dichloroethyl-4-nitrophenyUhiopfM^pLate 

(ClCH,CH,0),PS0C4li,\0^ 

1 

■  Does  not 

distil  at 

1 

1  0.02  mm  | 

1.5780 

8.00.  8.21 

8.61 

6  -Ethoxyethyl-4  ‘  -d  initrod  iphenylphospt»ate 
C,H,OCH,CH,OPO(OC4H4N<\), 

■  72-73  1 

1  * 

> 

1  < 

7.50,  7.42 

7.53 

B -Etho  xy  e  th  y  1-4 . 4 ' -d  i  n  luod  1  phe  ny  1  th  lo  pf»  o»  pha  te 

C,H,0C1^CH,0PS(0C4H4NC\), 

1  75-76  1 

1  ■  : 

7.3.  7.22 

1 

1 

7.23 

1 

1 

1 

fl ,  B ’-Die  thoxyd  iethyl -4-nitrophenyIphosphate 

(C,H,0CH,CH,0),P0(0C«H4N(\)  I 

1  _  1 

!  i 

1.2720  i 

1 

1.5050 

t  1 

8.32.  8  20  1 

1  8.5 
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c-Chloroethyldichlorodiiophosphate  j 
aCH^HjOPSO,  j 

104-108*  at  14  mm 

1.4671 

j 

1.53G2 

14.65.  14.71  , 

14.52  ' 

j 

'  44 

1 

1 

B.E'-Dichlorodiethylchlorcthiophosphate^  130  at  17  mm 
(ClCH,Ci^O),PSCl  ' 

1 1.5135 

i 

1.5541 

11.85,  11.78 

12.05  i 

i  24 

1 

1 

5 . 6 '.  fl  ’■-Trichlorouiethylthiophosphate  ^ 
(ClCI^ClV^jPS  I 

142-150  at  9  mm 

i  1.4778 

1 

1.5650 

1C.12.  10.10 

10.20 

1 

.  30 

B -Ethoxyethyld  ichlorothiophosphate 

'  lOS-114  at  23  mm 

il.294 

,  1.4910 

13.4.  13.3 

*  13.68 

32 

t 

CjH^OCHjCHfOPSCn,  1 

j 

I 

1 

! 

j 

1 

B  -Ethoxyethyld  ichlorophosphate 

1 110-114  at  21  mm 

1.317 

1.4452 

14.5.  14.8 

14.96 

44 

1 

C,HjOCH,CH,OPOCl, 

j 

i 

I  ■ 

B .  B  '-Diethoxydiethylchlorophosphate 
(C,H,OCH,CHiO),POa 

154  at  7  mm 

• 

'l.l52 

.  1.4310 

11.52.  11.63 

11.8 

85 

Tests  of  the  synthesized  compounds  on  the  grain  weevil  (Calandra  Granarial.  carried  out  by  P.  V.  Popov, 
showed  that  the  whole  of  this  group  o^corapounds  is  less  active  than  diethyl-4-nitrophenylthiophosphatc. 

EXPERIMENTAL 

1.  Preparation  ^f  alkylchlorothiophosphates.  We  prepared  alkylchlorothiophosphates  by  reacting  the 
appropriate  alcohol  with  thiophosphorylcldoride  In  presence  of  pyridine  [111  For  example.  6.6’-dichlorO“ 
diethylchlorodiicphosplate  was  prepared  In  the  following  conditions:  To  37.6  g  PSClj  In  70  ml  dry  dichloro- 
ethane  at  ~2*  and  with  good  stirruig  was  added  gradually  a  solution  of  32  g  ethylene  chloroh>’drin  and  32  g 
pyridine  in  32  ml  dichloroethane.  At  the  end  of  the  addition  of  the  specified  amount  of  ethylene  chlorohydtin 
and  pyridire,  the  reaction  mixture  was  stirred  for  3  hours  at  5-10*.  Later  the  reaction  mixture  was  treated  with 
ice  water  for  removal  of  pyridine  hydrochloride. '  The  dichloroethane  solution  was  dried  with  sodium  sulfate 
and  after  distillatiou  of  the  dichloroethane  (in  vacuum)  the  residue  was  distilled  in  vacuum.  Yield  9  g  (24 

Other  esters  of  chlorothiopbos photic  acid  were  similarly  prepared.  The  properties  of  the  prepared  compounds 
are  presented  in  Table  2.  Ester»  of  dichloroptrosphoric  acid  were  prepared  by  reaction  of  the  corresponding  alcohol 
with  phosphorus  oxychloride. 

2.  Preparation  of  mixed  esters  of  phosphoric  and  thicphosphoric  acids.  Mixed  esters  of  thiophosphoric  acid 
were  synthesized  by  a  slightly  modified  Toy  procedure  [12].  involving  reaction  of  esters  of  chlorothiophc sphoric 
acid  wi'ih  dry  p-nitrophenylphenate  in  chlorobenzene  solution  with  pyridine  as  catalyst.  Into  a  flask  fitted  with  a 
siirrcr.  4  reflux  condenser  and  a  thermometer  was  introduced  the  phenol  to  which  was  added  an  equimolar 
amount  of  sodium  methylate.  The  methyl  alcohol  was  evaporated  off  and  to  the  dry  residue  was  added  chloro¬ 
benzene.  the  dulkylchlorothiophosphate  and  pyridine.  The  reaction  mixture  was  kept  at  130*  for  5-7  hours.  While 
cooling,  the  sodium  chloride  was  filtered  off:  the  chlorobenzene  was  distilled  off  m  vacuum,  and  the  residue  was 
washed  with  water,  dried  and  fractionated  in  vacuum.  The  compounds  that  we  prepared  are  listed  in  Table  1.  Of 
these  compounds  only  6.B’-dichlorodiethyl-4-citrophenylthiophosphate  has  been  described  in  a  U.S.  patent  (131 
while  the  others  have  not  been  described  in  flic  literature.  The  ester  described  in  the  U.S.  patent  had  been  prepared 
by  an  entirely  different  method. 

SUMMARY 

A  series  of  mixed  esters  of  phosphoric  and  thiophosphoric  acids  containing  chlorine  and  ethoxyl  in  the 
aliphatic  radical  were  synthesized  and  their  properties  examined.  Of  the  compounds  synthesized,  not  one  exhibited 
greater  activity  as  an  insecticide  than  Jiethyl-4-r.itrophenylfliiophosphate. 
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FREE  RADICALS  IN  THE  DECOMPOSITION  REACTIONS  OF 
BENZYLAMINOD1AZOBEN2ENE  IN  SOLVENTS 

G.  A.  Razuvaev  E.  I.  Fedoto\a  and  A.  G.  Ovchinnikova 


Very  great  interest  has  been  aroused  in  recent  years  by  azo  and  diazo  compounds  which  decompose  by  a 
radical  mecliar.ism  at  relatively  low  temperatures  [IJ.  Thus  the  azcdiniuiles  and  esters  of  azodicarboyxlic  acids 
have  been  closely  studied. 

These  compounds  are  good  initiators  of  polymerization  processes  and  possess  a  r  jmber  of  advantages 
over  other  agents  in  use  for  technical  purposes,  e.g.  peroxides  12]. 

It  it  known  that  diazoaminobenzene  can  also  be  used  as  an  initiator  of  polymerization  of  some  vinyl 
derivatives,  for  example  acrylonitrile  in  block  form  and  butadiene  in  aqueous  emulsion  [3].  It  acts  as  a 
slower  (relative  to  benzoyl  peroxide)  but  more  continuous  source  of  free  radicals. 

The  mechanism  of  decomposition  of  azo  compounds  of  the  type  of  azudiniiriles  and  esters  of  azodicaiboxylic 
acids  hat  been  analyzed  in  the  literature,  but  no  data  have  been  published  about  diazoamines.  We  therefore 
considered  it  of  interest  »o  study  this  process  with  reference  to  benzylaminodiazobenzene  (I). 

In  the  literature  (4]  this  compou.nd  is  described  a  yellow  crystalline  substance  with  m  p.  73*;  capable  of 
rearrangement  to  the  tautomeric  form  (II)  in  presence  of  acid«- 

C,HCH,NH-N=  N-Crt  ^  CjHjCHjN  =N~NHC,H^ 

Our  investigations  revealed  that  this  compound  is  less  stable  than  diazoaatinooenzene.  Thermal  decomposition 
of  the  dry  substance  starts  at  95*  and  is  accompanied  by  steady  evolution  of  gas  (the  yield  of  niuogen  is  91  5^ 
calculated  on  the  number  of  evolved  nitrogen  molecules).  In  solvents  (benzene,  ethylene  glycol  monoethyl  ether) 
vigorous  decomposition  starts  at  as  low  as  40*50*  (nitrogen  yield  90^).  We  refrained  fromanempting  to  purify  the 
compound  by  recrystallization  (due  to  its  insubility),  but  we  usually  treated  its  acetone  solution  with  animal 
charcoal,  filtered,  and  precipitated  the  benzylaminodiazobenzene  with  water.  After  cautious  drying  the  substance 
melted  at  72-74*. 

Oil  the  basis  of  the  quantitative  yield  of  nitrogen  evolved  during  decompesition  in  solvents,  it  was  suggested 
that  decomposition  of  this  comp>ound  can  proceed  n  rwo  directions:  by  a  radical  mechanism  with  formation  of 
phenyl  and  benzylamino  radicals  and  by  an  intramolecular  mechanism  with  formation  of  benzylaniline. 

We  succeeded  in  establishing  that  both  these  processes  take  place  probably  sunultaneously.  h  is  true  that 
neither  of  them  can  yet  be  accurately  characterized,  due  to  the  difficulty  of  quantitative  separation  of  the  reaction 
products.  The  presence  of  benzylaniline  could  be  demonstrated  in  all  cases  without  particular  difficulty  For  the 
idenafication  of  the  phenyl  radical  we  made  u>e  of  the  method  of  fixation  on  mercury,  frequently  used  in  our 
laboratory. 

For  example.  Razuvaev  established  the  release  of  the  pnenyl  radical  from  benzoyl  peroxide  in  carbon 
tetrachloride  through  the  formation  of  phenyl  mercury  chloride  Ak.aia.  Razuvaev  and  Fedotova  [6]  succeeded 
in  binding  the  phenyl  radical  to  mercury  vhen  benzeneazotriphenylmethane  decomposed  in  carbon  tetrachloride. 

When  benzylaminodiazobenzene  was  decomposed  in  similar  conditiors  (in  carbon  tetrachloride  in  presence 
of  mercury)  a  considerable  amount  of  phenyln.ercury  chloride  could  be  isolated  from  the  reaction  mixture,  thereby 
convincingly  demonstrating  the  formation  of  the  phenyl  radical  The  participation  in  this  process  of  the  solvent  ” 
carbon  tetrachloride  “was  also  confirmed  by  the  isolation  of  hexachloroethane  from  die  reaction  mixture. 

Benzaldehyde  and  benzylamine  were  detected  in  tonsideraole  amounts  among  the  products  of  decomposition 
of  benzylaminodiazobenzene  in  carbon  tetrachloride  in  presence  of  mercury,  as  well  as  in  ethylene  glycol  moroethyl 
ether.  It  is  highly  probable  that  the  formation  of  these  substances  is  associated  with  the  benzylamino  radical  which 
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by  di-ixo  port  I  (ration  is  irar.sformed  intr  ' 
it  is  hyufo'.;---  i  to  benzaldehyde.  Co^ 
chloride  ir  prese'ce  of  mercury  may  b^-  : 


lamine  and  benzylimine.  In  the  process  of  separation  of  the  latter. 
•  the  b^eaKdcwn  of  benzylamirrodiazobenzene  in  carbon  tetra- 
by  the  following  probable  scheme: 


C^CHjVH;^  =  N-C.Hj 
CjHi*  CJijCHtNHCfcHj  ♦  1^ 


C^CHjN^  ♦  C4HtCH=  Nri  C*Hj-  ♦  Hg  -f  CCI4 

C.RCMO  ♦  NH,  HgCl  ♦  CCl,* 

CjClj. 


Radical  decomposition  of  berizylaminodiazobenzene  in  solvents  was  indirectly  confirmed  by  the  formation 
of  acetaldehyde  (in  ethylene  glycol  monoethyl  ether)  due  to  splitting-off  by  the  phenyl  radical  of  hydtogen  from 
the  solvent  (benzene  could  not  be  identified),  as  well  as  by  formation  of  small  amounts  of  diphenyl  in  exploratory 
experiments  In  benzene. 

EXPERIMENTAL 

l.  Decomposition  of  Benzylaminodiazobenzene  in  Carbon  Tetrachloride  in  Presence 
of  Mercury 

A  soliitio''  of  6  6  g  benzylaminoduzobenzene  in  25  ml  carbon  tetrachloride  in  presence  of  50  g  metallic 
mercury  was  heated  on  a  water  bath  with  vigorous  sturing  for  7  hours.  Completion  of  the  reaction  was  signalized 
by  cessation  of  evolution  of  nitrogeri.  The  contents  of  the  reaction  flask  were  carefully  decanted  from  the 
mercury,  acidified  with  hydrochloric  acid  (for  binding  of  amines)  and  steam-distilled.  Carbon  tetrachloride 
collected  in  the  receiver  together  with  a  small  amount  of  oily  liquid  with  the  characteristic  odor  of  bcnzaldehyde. 
The  carbon  tetrachloride  was  separated  horn  the  aqueous  layer,  dried  and  distilled.  He xachloroe thane  crystallized 
from  the  residue.  It  was  separated  from  the  small  amour  t  of  liquid  fraction  hs  weight  was  0.5  g  (7% of  theory): 

m. p.  1S6*  in  a  sealed  capillary:  m.p.  of  its  mixture  with  a  pure  specimen  in  a  sealed  capillary  was  186*.  After 
separation  of  the  crystals  of  hexachloroethane,  the  liquid  was  combined  with  the  ether  exuacts  from  the  aqueous 
layer  and  ^actio'iated.  A  fraction  boilir.g  at  176'182*  was  isolated  in  the  amount  of  1.2  g  (34.3^  of  theory)  and 
tested  for  tiie  presence  of  tfie  carboryl  group.  The  following  were  prepared: 


Dimedo'e  derivative  wi’h  m  p.  190'  (according  to  the  literature  the  dimedoi»e  derivative  of  benzaldehyde 
melts  at  105‘)  A  mixture  with  a  pure  specimen  melts  at  195*.  2.4  Dinitrophenylhydrazone  with  m.p.  235* 

(237*  in  the  Iireraiure):  a  mixture  with  a  pure  sample  melts  at  237*.  A  silver  mumr  was  formed  with  ammoniacal 
mercuric  oxide.  The  presence  of  benzaldehyde  was  thus  defultely  confirmed. 


After  distilling  off  the  carbon  tetrachloride  and  the  benzaldehyde,  the  liquid  remaining  in  the  flask  was 
made  alkaline  arxl  again  steam -distilled.  At  me  end  of  the  distillation,  the  flask  contained  a  resinous  residue  (A). 
The  conde'isate  was  extracted  with  ether,  dried  and  fractionated  to  give  a  benzylamine  fraction  of  0.5  g,  boiling 
at  182*  (yield  15<?j  of  theory)  arid  a  benzylanilire  fraction  of  1.3  g  (19  5^)  boiling  at  302*.  The  benzylamine 
was  identified  by  formatior.  of  benzylr^ithalimide  with  m.p.  115*  (literature  116*)  (a  mixed  sample  melts  at 
115')  axi  by  *o'm«Tio'i  of  a  crystalline  derivatise  with  ethyl  acetate  melting  at  60*  (literature  61*:  mixed  m.p.  60*). 
Eenzyla"iline  was  ide'-'tified  as  the  nitrosaniine  by  Liebermann's  reaction  [7]  and  from  the  m.p.  of  the  hydro¬ 
chloride  (222*  compared  with  the  literarure  value  of  224*).  The  rnolecular  weight  of  the  salt  was  determined 
by  titration  with  alkali  IP  presence  of  phenolphthale in.  Found:  M  222,6.  Ci,Hi^l.  Calculated:  M  219.5. 

The  mercury  and  the  resinous  substance  (A)  were  repeatedly  treated  with  hot  acetone.  After  cooling, 
the  acetone  deposited  crystals  of  phenyl  mere  uric  chloride  in  the  amount  of  1.5  g  with  m.p.  256*  (literature  258*: 
mixed  rmp  257*).  The  yield  of  phcnylmercuric  chloride  is  15.7^  of  theory. 

2  Decomposition  of  Benzylaminodiazobenzene  in  Ethylene  Glycol  Monoethyl  Ether 

A  solutio.-,  of  2.5  g  benzyiamino  diazcberzene  m  20  ml  ethylene  glycol  monoethyl  ether  was  heated  first 
on  the  water  batn  and  then  on  a  metal  bath  until  niuogen  ceased  to  come  off.  The  reaction  mixture  was  acidified 
and  steam -distilled.  The  condei-isate  wa>  extracted  with  ether,  the  ether  extract  waj  dried  and  fractionated. 
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Fractionation  gave  0.35  g  benzaldehyde  (31.5v)o{  theory).  From  this  fraction  vas  prepared  the  dimedone  derivative 
of  oenzaldchyde  with  ra  p.  19G*.  also  the  2.4-dinitrophenylhyd:azone  with  m.p.  235*.  The  residue  in  the  reaction 
flask  was  made  alkaline  and  again  steam-distilled.  Tlie  condensate  was  extracted  with  ether,  the  ether  extract 
was  dried  and  the  ether  driven  off  The  benzylamine  in  the  residue  was  separated  from  the  benzylaniline  by 
treatment  with  phihalic  anhydride  0  23  g  benzylphdtalimide  with  m,p.  115*  (literature  116*)  was  isolated.  On 
the  basis  of  benzylamine  the  >  ield  was  0.1  g  (10^  of  theory).  0  5  g  (20^  of  theory)  benzylaniline  was  isolated 
and  identified  in  the  form  of  the  nitrosamine  by  Liebermann’s  reaction  and  by  the  m.p.  of  the  hydrochloride 
(220*).  In  the  aqueous  solution,  after  stea^  distillation,  was  found  acetaldehyde,  identified  as  the  dimedone 
derivative  with  m  p.  140*  (literature  140*;  mixture  will,  the  pure  substance  melts  at  140*).  and  as  the  2.4- 
dinitrophenylhydrazone  with  m.p.  160-168*  (literature  168*).  The  mixed  melting  point  was  167*.  The 
acetaldehyde  was  not  Quantitatively  determined.  Benzene  could  not  be  detected  among  the  reaction  products. 

SUMMARY 

1,  The  decomposition  of  benzylaminodiazobenzene  in  ethylene  glycol  monoethyl  ether  and  carbon 
tetrachloride  in  presence  of  mercury  was  studied  Benzaldehyde.  benzylamine.  benzylaniline  and  acetaldehyde 
were  separated  from  the  products  of  reaction  in  ethylene  glycol  moroeihyl  ether  Phenylmercuric  chloride, 
benzaldehyde.  benzylamine  and  beiuylaniline  were  separated  from  the  products  of  reaction  in  carbon  tetrachloride, 

2  The  composition  of  the  reaction  products  indicated  that  two  processes  proceed  simultaneously  —a 
radical  process  (wirh  formation  of  phe'-.yl  and  benzylami;.o  radicals)  ard  an  intramolecular  process  (with  formation 
of  the  secondary  amine,  benzylaniline). 
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THE  PROBLEM  OF  THE  MECHANISM  OF  FORMATION  OF  2-SUBSTITUTED  OXAZOLONES 


I.  T.  StrukoT 


It  Is  known  tfiat  2'^enyl-5-oxszolone  is  readily  formed  by  reaction  of  hippuric  acid  with  acetic  anhydride 
ni  The  yield  of  oxazolone  can  be  raised  from  49  to  64^  by  treating  hii^xiric  acid  with  a  large  excess  of  acetic 
anhydride  at  1S-2U*. 

All  attempts  to  prepare  2-benzyl*5'Oxazolone  from  phenaceturic  acid  have  proved  unsuccessful.  Many 
investigators  [2]  have  tried  to  demonstrate  its  presence  in  the  reaction  mass  by  preparing  derivatives:  for 
example,  treatment  witfi  ammonia  and  benzylamine  gave  the  amide  and  benzylamide  of  phenaceturic  acid; 
this  method,  however,  cannot  serve  as  evidence  of  the  formation  of  2-benzyl-5-oxazolone.  Indeed,  the  action 
on  phenaceturic  acid  of  various  dehydrating  agents  such  as  acetic  anhydride,  phosphorus  tribromide,  etc.  may 
be  expected  to  lead  to  formation  of  the  mixed  anhydride  of  phenaceturic  and  acetic  acids  or  the  anhydride  of 
phenaceturic  acid.  When  these  compounds  are  treated  with  ammonia  or  benzylamine  they  will  give  the  same 
stibstances  as  are  formed  by  2~benzyl*5*oxazolone. 

In  this  investigation  an  attempt  has  been  made  to  study  the  mechanism  of  the  reaction  between  phen¬ 
aceturic  acid  and  acetic  anhydride  and  to  ascertain  why  2*benzyl-5-oxazolone  is  not  formed. 


*  In  all  probability  the  process  of  formation  of  2*phenyl-5-oxazolone  from  hippuric  acid  and  acetic 
anhydride  proceeds  through  the  stage  of  the  mixed  anhydride  of  hippuric  and  acetic  acids  with  simultaneous 
tautomerization  of  the  amido  bond  and  closure  of  the  oxazolone  ring. 


C,H,CONHCH,COOH  »  C,H,CONHCHiCO 

CHjCO-o' 


C,HjC=  N-CHj-CO - C»H*C= 

I  !/«. 

OH  CH,-CO  O-CO 


The  susceptibiliry  of  the  amido  bond  to  tautomeric  transformation  is  an  ir.dispersi>k  condition 
for  formation  of  the  oxazolone  ring.  It  is  very  probable  that  different  acylamino  acids  differ  from  one  another 
in  susceptibility  to  tautomeric  change  of  the  amido  bond  and  that  they  ar^  capable  to  a  greater  or  lesser  extent 
of  changing  into  oxazolones  in  dependence  on  the  structure  of  the  amino  acid  and  of  the  acylating  carboxylic 
acid.  We  know  that  not  only  hippuric  acid  but  also  many  of  its  derivatives  readily  change  into  oxazolones  [3]. 
When  the  tautomerism  of  the  acylamino  acids  is  weakly  developed,  the  oxazolone  is  formed  in  such  small 
amount  that  it  does  not  appear  possible  to  isolate  it  in  the  pure  form. 

Phenaceturic  acid  may  be  regarded  as  belonging  *o  this  type  of  acylamino  acids.  When  reacted  with 
acetic  anhydride,  it  apparently  first  forms  the  mi^ed  anhydride  of  phenaceturic  and  acetic  acids  (1).  which 
dissolves  in  excess  acetic  anhydride.  In  the  course  of  removl  of  the  acetic  anhydride,  the  equilibrium  is 
shifted  in  the  duection  of  formation  of  phenaceturic  anhydride  (U)  which  quickly  crysullizes  at  the  conclusion 
of  the  distillation: 

C,l^CH,CONHCH,CO - -  (CtH,CH,C0NHCH|C0),0 

.  (ID 

/ 

CHjCO 

(I) 

Compound  (H)  usually  contains  a  small  amount  of  the  anhydride  of  N-acetylphenaceturic  acid  which- is 
removed  by  recrystallization  from  acetone. 

After  filuation  of  phenaceturic  anhydride,  the  mother  liquor  is  concenuated  in  vacuum  and  left  to 
crysullize.  After  a  few  days  the  anhydride  of  N-acetylphenaceturic  acid  comes  down.  The  non-susceptibility 
to  Uutomcrism  of  the  amide  bond  in  phenaceturic  anhydride  prevents  it  from  undergoing  transformation  into 
2-bcnzyl-5-oxazolone  Phenaceturic  anhydride  very  readily  enters  into  reaction  with  acetic  anhydride,  forming 
N-acetylphenaceturic  anhydride  The  reaction  ukes  place  even  in  the  cold,  and  Ais  may  be  accounted  for  by 
the  great  lability  of  the  hydrogen  of  the  amido  group 
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•J'dcr  ihe  acr.o-  of  amrnoiti  '•  acc^,•!p^:€-^ccturj:  aalycride  breaKs  dowr.  »o  ph^r.ylacetamide.  ihe  amide 
of  aceturic  acid  a-.d  aceturic  acid  (the  lauer  was  noi  isoiaied  from  the  mother  liquors).  The  aciioo  of  sodium 
hydroxide  solutior  ot  N  acetylpiieraceturic  acid  tead*  to  salts  of  aceturic  and  phenylacetic  acids. 

The  above  reactions  justify  the  asairoption  that  the  phenacetyl  residue  ic  N  acetylphenacetnnc  acid  is  less 
firmly  attached  to  the  amido  group  than  u.  the  acetyl  residue. 

It  the  preparation  of  various  0xa2cl0r.es  by  Erlermeyer's  method  from  phenaceturic.  caproylaminoacetic 
and  other  acids,  transacylation  readily  occurs  of  the  .scylamLto  acids  [4).  O'*  the  basis  of  the  foregoing  facts.  It 
follows  that  the  transacylaiion  reactiop  proceeds  through  the  stage  of  formation  of  intermediate  mixed  diacylamino 
acids  which  la  dvc  course  cf  furJier  reaction  read  Jy  lose  one  acylating  group. 


/CilsCH^CCl  \ 

(CeHjCHjCONHCH^OjjO - -I  /  'iCHjCOj  O - ^  (CH,CONHCf^CCV> 

\  CH^O  Jx 

Hippuric  acid  evidently  readily  gives  the  tautomeric  form  of  the  amido  bo^.d  and  1$  therefore  incapable 
of  formrg  diacylami^c  acids  but  is  at  orce  co'vcrtcd  into  2  pher.yl  S  oxazolone. 


EXPERIMENTAL 

2 -Phenyl  5  oxazolone.  3C  g  hippuric  acid  war  mixed  with  350  g  acetic  a'hydride  et  20*  for  8  hours.  The 
residual  hippuric  acid  (13.6  g)  was  filtered  off  and  dried. 

The  filtrate  was  concentrated  on  a  water  bath  at  40*  ir.  vacuum.  The  residual  ota''ge  oil  crystallized. 

The  azlactone  was  extracted  from  this  mass  wiih  petrolfum  ether  uuee  times  (100  ml  each  time)  at  6C-70*. 
Cooling  of  the  solution  to  0*  led  to  separation  of  large,  lustrous,  orange  plates.  Yield  12  g  or  64‘Jx  The 
azlacte.-e  was  recrystall  jied  from  absolute  ethyl  alcohol  (1:3).  Yellow  plates  with  m.p.  90-92*  (I). 

Phenaceturic  a''hydr'.de.  30  g  irfie' aceturic  ac’d  ard  300  g  acetic  arhydridc  were  mixed  at  15-20*  for 
hours  until  tliC  precipitate  had  almost  ccmple»ely  dissolved.  A  mirute  amount  (0  5  g)  phenaceturic  acid 
was  filtered  off  a"d  acefc  acid  a*d  e»ceis  acetic  anhyd'ide  were  distilled  off  from  tlie  filtrate  in  vacuum 
i  40-45'  on  a  water  bath.  At  the  close  of  the  dist:lla»ior.  die  mass  in  the  flask  crystallized.  On  the  following 
ay  the  crystal  mass  was  well  stirred  with  100  ml  absolute  ether  a'<l  the  insoluble  white  crystalline  material 
as  filtered  off,  washed  with  absolute  ether  and  rccrystaUized  fiom  dry  acetone.  White,  finely  crystalline 
recipitate  with  m.p.  lOS  109*.  Yield  17  g. 


3.740  mg  «ubsta-ce'  8.841  mg  C<\;  1.815  mg  H|0.  3,737  mg  substa'ce:  8.871  mg  CO^:  1.919  mg  1^0. 

5,104  mg  substa-’-ce.  0,338  m’  (21*.  732  mm).  5.670  mg  substaice:  0.374  ml  N-j  (21*.  732  mm). 

0.1768  g  substa'ce:  2  05  ml  0.5  NaOH  (back  titration)  0.2510  g  substance.  2.9  ml  0.5  N  NaOH. 

Found  oje  C  64  51.  64.78:  H  5  43.  5.74:  K  7.4.  7.37.  Anhydride  groups:  20.87.  20.79. 

Calculated  C  65.16:  H  5.48,  N  7.C0.  anhydride  groups  19.57. 

Heat  was  developed  when  1  g  of  the  substa'-ce  wa>  dissvlved  1.-  10  ml  concentrated  ammonia  and  on 
be  following  day  a  precipitate  of  the  amide  of  phenacen^ric  acid  came  down  with  m.p.  174-175*. 

Hydroly.is  of  !  g  a'hydride  wi*h  10  m!  5^  »odium  hydroxide  solution  followed  by  acidification  with 
ydrochloric  acid  solutio-:.  led  to  separation  of  pne'acetu’ic  acid  with  m.p,  143'. 

^  Acety.rr.e- act'-jr:c  a»'hydride  The  ether  was  disrJIed  off  in  vacuum  from  the  mother  liquor  following 
iluation  of  pr.e'acet.ric  anhydr.de.  leavrg  a  thick,  brew*  o'J  wh’ch  gradually  crystallized.  After  several  days 
e  crystals  we'c  •i.’ered.  washed  with  dry  ether  a'd  »ecFystaTized  from  dry  acetone.  White  crystals  with  m.p. 
75-176*. 

6.870  mg  .nb  unce  0.372  ml  N.  (22*.  736  m.n).  6.783  mg  subsUnce:  0.357  ml  N,  (20.5*.  741  mm). 
Found  .V  6.07.  5  99.  C,,H,,OtN,.  Calculated  V  N  6.17. 

Cleavage  of  .s  acetylprenacetunc  anhydride  with  aqneo'js  ammonu.  4. 5  g  of  the  substance  was  treated 
ith  50  ml  ammo'ta,  neat  wa  developed.  O:  the  following  day  the  p-ecipitate  was  filrered  and  dried  at  60*. 

!  p.  156  (afKr  rec  rys*aijizat:on  rom  waterj.  It  was  identified  as  the  am*de  of  phenylacetic  acid  by  the  abser.ce 
f  depression  ii.  the  mixed  meliL'g  poz^t  dcterminaticni.  Yield  2.4  g. 

The  .oluno"  *ften  fil'ra'io*  of  phenylacetamide  was  evaporated  to  dryness  In  vacuum  on  a  water  bath. 

•e  crysta.l...e  rC;  d’je  was  dis  o!v#‘d  v  8  ml  ethyl  a  cohcl.  Rapid  sepa'atior  occurred  of  large  white  prisms  whic.h 
ere  rc  cry  stall 'zed  from  5  m!  alcohol  M  p  135  137'  (51 


3.521  rag  substance:  S.379  rag  Cp^:  2.25C  rag  4.001  rag  substance:  6.090  rag  CO^:  2.4*10  mg 

H,0  6.772  rag  substance;  11.8  ml  0.01  N  H,S04.  4.344  rag  substance:  7.65  ml  0.01  N  H,S04  (Kjeldahl). 
Found C  41  69,  41  54;  H  7.15.  6  82;  N  24.4.  24  66.  C4H,C^Ni.  Calculated ‘Jk:  C  41.36;  H  6.94;  N  24  12. 

This  compound  was  identified  as  aceturic  acid  amide. 

Cleavage  of  N-acetylphenaceturic  arhydride  by  sodium  hydroxide  solution.  6.3  g  anhydride  was  mixed 
with  20  mi  water  and  gradual  addition  was  made  of  13  ml  15^  sodium  hydroxide  solution.  The  precipiute  rapidly 
dissolved  with  development  of  heat.  On  the  next  day  Ae  solution  was  made  neutral,  treated  %vith  caiboi. 
filtered  and  acidified  with  concentrated  hydrochloric  acid  Lustrous  scaly  crystals  came  down.  These  were  filtered 
and  recrystallized  from  water.  M  p.  76*.  They  were  identified  by  the  absence  of  dep>ressioa  in  the  mixed  m.p. 
determination  with  phenylacetic  acid  Yield  2.8  g 

After  separation  of  the  phenylacetic  acid.  Ae  filtrate  was  evaporated  to  dryness  in  vacuum  on  Ae  water 
bath,  and  Ae  resultant  white  crystalline  mass  was  treated  witn  S  m!  coid  water  The  insoluble  portion  was 
filtered  off.  wrshed  with  ether  for  removal  of  tl,e  phenylacetic  acid  and  twice  recrystallized  from  a  little  water. 
Dried  at  100*.  the  compou.id  melted  at  207-208*  No  ra  p  deprc-.>io.t  with  aceturic  acid  [6]. 

SUMMARY 

Acetic  arhydride  reacts  with  phe-  aceturic  acid  to  give  phe.taceturic  anhydride  and  N-acetylphenaceturic 
anhydride  When  treated  wiA  ammonia,  the  N-acetyl  derivative  breads  down  to  phenyl  acetamide  arid  Ae  amide 
of  aceturic  acid;  hydrolysis  wiA  caustic  alkali  gives  phenylacetic  ar.d  aceturic  acids. 

It  is  suggested  Aat  the  abse.nce  of  tautomerism  from  Ae  amido  bond  of  phenyUceturic  acid  is  the  cause 
of  its  inability  to  form  2-benzyl'5*oxazolone 
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THIOSEMICARBAZONES  OF  BENZOPHENONE  AND  OF  SOME  OF  ITS  DERIVATIVES.  II* 

1.  Kh.  Feldman  and  A.  I.  Zitser 


Tniosemicatbazones  of  aldehydes  have  recently  acquii'ed  great  interest  due  to  the  antiiubercular  activity 
exhibited  by  some  of  them  [li  Regarding  benzophenone  as  benzaldehyde  in  which  the  bcnzaldehydic  hydrogen 
is  replaced  by  the  phenyl  radical,  it  appeared  'o  uS  of  interest  to  prepare  a  series  of  thiosemicarbazones  of 
benzophenone  arxl  its  derivatives  for  assa>  ““f  their  tuberculostatic  activity  in  comparison  with  the  thiosemi- 
carbazones  of  benzaldehyde  and  its  derivatives.  Consequently  we  prepared  the  thiosemicaibazones  of  the  followiil^ 
compounds  with  the  general  formula  RC,H4COC4H4R|: 

1)  Benzophenone  (R  and  R,  ^  H);  2)  p-methoxybenzophenonc  (R  =  H.  =  OCKj);  3)  p  hydroxybenzophenone 
(R  =  H.  Rj  =  OH);  4)  p-nitrobenzophenone  (R  =  H,  R|  =  NO^);  £)  p-aminobt.r.xopbenone  (R  =  H.  R*  =  NH|),  C)  p- 
acetaminobenzophenone  (R  =  H.  R|  >  NHCOCH^;  7)  p.p’-dinitrobenzophenone  (Rand  R|  =  NOj);  8)  p.p'-diamlno- 
benzophenone  (R  and  R|  =  NH|). 

The  general  method  for  their  preparation  consists  in  heating  an  alcoholic  solution  of  the  ketone  with 
thiosemicarbazide,  the  alcohol  being  boiled  for  a  period  of  2-6  hours.  It  was  sometimes  necessary  to  add  one  to 
two  drops  of  hydrochloric  acid  or  to  use  thiosemicarbazide  hydrochloride  instead  of  the  base.  The  use  of  such 
media,  however,  in  preseiKe  of  readily  saponifiable  N*  and  Oacetyl  groups  led  to  partial  saponification  of  these 
groups  and  it  was  not  possible  to  obtain  the  pure  thiosemicarbazones  from  acetoxy-,  p*diacetamino-  and  p.p’- 
diacetamlnobenzophenone.  In  these  cases  we  obtained  a  mixture  of  substances  with  a  content  of  partially 
deacetylated  products. 

The  Friedcl-Crafts  reaction  was  employed  for  the  most  part  in  the  preparation  of  the  initial  p-substituted 
benzophenones. 

The  prepared  thiosemicarbazones  were  examined  by  O.  O.  Makeeva  of  the  chemotherapeutic  department 
of  our  institute.  It  was  esublished  that  their  anti  tubercular  activity  in  vitro  was  very  insignificant  in  relation  to 
that  Oi  thiosemicarbazones  of  aldehydes. 

EXPERIMEN  TAL 

1.  Benzophenone  was  prepared  by  the  Friedel-Crafts  reaction  by  co:tder.sation  of  benzene  with  benzoyl 
chloride  in  presence  of  aluminum  chloride.  The  thioscmicarbazo  'e  was  prepared  by  adding  1  g  finely  pulverized 
thiosemicarbazide  to  2  g  of  benzophenone  dissolved  in  25  ml  alcohol.  ■  Tl:e  mixture  was  heated  at  80*  with  good 
stirring  for  4  hours.  After  cooli-tg,  the  solution  deposited  lu$tiou«  white  crystals  (2  5  g).  They  were  washed  with 
hot  water  and  recrystallized  from  alcohol.  Mp.  170-171*.  Yield  2.3  g  (82*^01  the  theoretical).  The  substance 
is  insoluble  in  water,  slightly  soluble  in  cold  alcohoL 

Found 'jfc.  N  16.30:  S  12  58.  CmHuNjS.  Calculated  N  16  47;  S  12.55. 

2.  p-Methoxybenzophenone  [21.  To  a  mixture  of  40  g  anisole.  56  g  benzoyl  chloride  arid  100  ml  carbon 

bisulfide  was  gradually  added,  with  stirring.  80  g  aluminum  chloride  2  h3ur>  a»tcr  the  addition  of  the  whole 
of  the  aluminum  chloride,  the  reaction  mass  was  warmed  up  to  40  45*  tor  2  hours  and  left  overnight.  The  next 
morning  the  carbon  bisulfide  was  distilled  off  in  vacuum,  the  reactio.-  mass  was  decomposed  with  ice  water  and 
extracted  with  ether:  the  ethereal  solution  was  dried  and  distilled.  a''d  ire  residue  distilled  in  vacuum  (6  mm)  at 
184-187*.  There  was  obtained  52  g  (66^).  The  substance  was  di  solved  wether;  slow  removal  of  the  solvent 
resulted  in  separation  of  large  white  crystals  with  m.p.60-61*.  * 

Methoxybenzophenone  thlosemicarbazor.e  was  prepared  similarly  to  benzophenone  thiosemicatbazone. 

The  obtained  precipitate  was  washed  with  hot  water  and  crystallized  from  50^  alcohol.  Yield  60*%  of  the  theoretical. 
M.p.  183-184*. 


•  Communication  I  see:  Proceedings  of  the  Mendeleev  Ali-Union  Chemical  Society,  1953,  No.  2. 
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round  ^  N  14.C7;  S  11.24;  CjsH^jONjS  Calculated  N  14.7:».  5  IJ.22. 

3.  r  Hvdroxvoen70Phcnor>e  [3]  v/as  prepared  by  demethylaiion  of  |»'inethox>'benzophcnone  by  heating  to 
bcilL-p  a  solution  of  p  n>cthox>bcn2ophenone  in  5  tiines  the  araolin*  of  cla<  f"*  acetic  acid  containing  48^  HBr 
for  10  boun  The  ?-'^lution  wa»  poured  into  water,  neutralized  with  sodium  carbonate  and  extracted  with  ether; 
the  ether  was  distilled  off  and  the  residue  dissolved  in  5^  sodium  hydroxk^e.  The  insoluble  residue  was  filtered 
off  and  the  solution  was  acidified  with  hydrochloric  acid  to  bring  down  the  p  hyrdroxybenzophenone.  Yield 
of  the  ihoorctical.  Mp.  133-134*. 

p-Hydro^ybenzophenore  th»osemicarbazone  was  prepared  by  boiling  an  alcoholic  solution  of  p-hydroxy- 
benzoplicnone  and  ihioscrricarbazidc  for  4  hours  At  the  erd  of  the  reaction,  after  cooling  the  solution,  a 
precipitate  did  not  come  down.  The  alcohol  was  distilled  off.  the  residue  washed  widi  hot  water  (in  which  U 
partly  dissolved)  arid  crystallized  from  50^ alcohol.  White  crystals  with  in  P.  188-190  were  obtained.  The 
product  is  soluble  in  ether,  acetone  and  hot  alcohol,  insoluble  in  benzene  and  water.  Yield  68^  of  the 
theoretical 

Found  S  11.65:  N  15.43.  C»4Hi,ON,S  Calculated  <5*:  S  11.80,  N  15.50. 

4.  p-Nitrobenzophenone  was  prepared  by  condensing  p-nitrobenzoyl  chloride  with  benzene  (3  times  the 
quantity)  in  presence  of  aluminum  chloride  at  room  temperature.  The  reaclion  mass  was  left  overnight  and 
on  the  following  day  it  was  heated  at  45-50“  for  2  hours,  it  was  thereupon  decomposed  with  ice  water  aixl  the 
benzene  was  distilled  off  with  steam.  The  residue  was  filtered,  washed  with  2^  sodium  hydroxide  solution  and 
rccrystalli/cd  from  alccho!. 

M  p.  135*.  Yield  CO^of  the  theoreticaL 

When  p  nitrobenzophenone  was  boiled  with  thlosemicarbazide  in  alcohol  for  6  to  10  hours,  it  was 
recovered  unchanged.  With  the  addition  of  one  to  two  drops  of  hydrochloric  acid,  the  reaction  was  performed 
for  3  hours.  When  rite  alcoholic  solution  was  cooled,  a  precipitate  came  down  and  was  washed  with  hot  water 
and  recrystallized  from  80^t  alcohol.  Mp.  205-206*.  Yield  75^  of  the  theoretical.  The  substance  is  readily 
soluble  in  chloroform,  Insoluble  in  water.  It  crystallizes  from  alcohol  and  aqueous  alcohol. 

Found  ‘51).  N  18  88;  S  10.60.  CmHuO^N^S.  Calculated  N  18.66;  S  10.66. 

5.  p-Aminobenzophenone  is  prepared  by  reducing  p-nitrobenzophenone  with  molecular  hydrogen  in  presence 
of  Raney  nickel  while  shaking  in  a  medium  of  alcohol  at  normal  pressure  and  room  temperature.  The  theoretical 
amount  of  hydrogen  was  absorbed  The  reaction  mass  was  heated  and  filtered,  the  alcohol  was  distilled  off  in 
vacuum  and  the  residue  extracted  with  a  hot  solution  of  dilute  hydrochloric  acid  (1:5).  The  solution  was  treated 
with  carbon  and  filtered;  the  amine  was  fractionally  separated  by  addition  of  ammonia  to  the  cold  filtrate. 
Crystallization  froin  aqueous  alcohol  gave  white  crystals  with  m.p.  123-124*.  Yield  58<5tof  the  theoretical. 

p  Amlnobenyophenone  thiosemlcarbazone  was  prepared  by  heating  an  alcoholic  solution  of  p-amlncbenzo* 
phenone  with  thlosemicarbazide  in  presence  of  a  drop  of  concentrated  hydrochloric  acid  for  3  hours.  On  cooling, 
an  insignificant  amount  of  th lose m ic a rb azide  was  precipitated  and  was  filtered  off.  The  alcoholic  filtrate  was 
distilled  in  vacuum  and  the  residue  was  repeatedly  washed  with  ether  and  rccrystallized  from  50‘5b  alcohol.  M,p. 
155-157*  Yield  Soluble  in  alcohol  and  acetone,  slightly  soluble  In  water. 

Found  N  20.51;  S  11.91.  C^H^N^S.  Calculated  %  N  20.74.  S  11.85. 

6.  p-Acetaminobenzoplicnone  was  prepared  by  heating  p-aminobrnzophenone  with  acetic  anhydride  on  a 
boiling  water  bath  for  2  hours.  The  solution  was  poured  into  water  and  the  precipitat-  was  recrystallized  from 
aqueous  alcohol.  Mp.  150-151*.  Yield  95<5fc  of  the  theoretical, 

p-A«  etamii-iober.zophenone  thiosemicarbazone  was  prepared  by  heating  an  alcoholic  solution  of  p-acetamlno- 
benzopherionc  with  thiosemlcarbazide  for  4  hours.  After  cooling,  a  precipitate  came  down  from  the  solution  and 
was  washed  with  hot  water  before  recrystallization  from  aqueous  alcohol.  M  p.  (with  decomp.)  240-241*  (rapid 
melting).  Yield  73^  of  the  theoretical. 

Found ‘>i-  N  17  77:  S  10.23.  CitHi£ON4S.  Calculated -jt.  N  17.94.  S  10.25. 

7.  p  Diaretylaminobe.nzophenorie.  p-Aminobenzdphenonc  was  heated  with  acetic  anhydride  on  a  gauze 
at  the  boil  for  3  hours.  The  mas»  was  Lhen  poured  into  ice  water  and  the  precipitate  was  reciystallized  from 


454 


aqueous  alcohol,  KLp.  172-173  .  "^ield  nearly  theoretical.  Analysis  showed  du-i  the  substance  was  the  dlacetyl 
derivative  of  p-aminobeneopiienone.  not  described  in  the  literature. 

Found‘d):  N  5.  M:  CH, CO  30.3;  H  5.63:  C  73.02.  C.7H«O.N.  Calculated ‘Jo;  N  4.98:  CH,CO  30,6:  H  5.34: 

C  72.62. 

The  same  compound  is  obtained  if  p-acetamiixibcnzoiiier.one  (m.p,  150-151*)  is  heated  with  acetic  anhydride 
on  a  gauze  for  2  hours.  Saponification  with  hydrochloric  acid  in  alcohol  gave  p-aminobenzophenone. 

p-Piacetaminobenzophero»~e  thio>emi<.arbazone  could  not  be  prepared  in  the  pure  form.  When  this  reaction 
was  performed  in  the  usual  conditions,  crystallization  from  alcohol  gave  a  substat>ce  with  decomposition  point 
228-230  .  Judging  by  the  analyses  for  S  arx?  acetyl  group,  this  was  a  mixture  of  the  thiosemicarbazories  of  mono- 
and  diacetaminobenzophenone.  It  was  impossible  to  separate  and  purify  the  components.  Apparently  partial 
cleavage  of  the  acetyl  group  occurs  durir^g  the  reaction. 

S.  P.P**PiniTroberzophef>or>e  was  prepared  by  oxidizing  l.l-dichloro-p  p*<Jinitrodiphenylethylene  with 
chromic  acid  in  glacial  acetic  acid.  M  p.  188  189*. 

When  an  alcoholic  solution  of  p  p’-djoifrobenzopher/one  had  bee *■  heated  with  ihiosemicarbazide  for 
6-10  hours,  the  startLig  products  were  recovered  ur'changed.  Wi»n.  rhe  addition  o^  o't  drop  of  hydrochloric  aetd, 
or  by  the  use  of  rhiosemicarbazide  hydrochloride,  diniuobe'izopner!o*'e  thiosemtcarbazone  was  obtaLned  in 
quantitative  yield  after  only  2  hours.  Tl<e  compou'^id  is  ir,ao’i;ble  ir.  alcohol,  soluble  in  hot  acetone,  and  is 
precipitated  from  the  la^er  on  addition  of  water  Decomposition  point.  243  5-244*. 

Found  <51.  S  9.05.  Calculated  S  9.27. 

9  P.P*-Diami*'‘Obenzophenone  [4]  was  prepared  by  cor.densarion  of  acetanilide  with  carbon  tetrachloride 
in  presence  of  freshly  distilled  aluminum  chloride,  followed  by  sapor  if  ica  lion  of  the  resultant  p.p’-dlacetamlno- 
benzophenone.  Saponification  of  rhe  acetyl  groups  with  dilu’e  sulfuric  acid  invariably  gave  a  considerable  amount 
of  acid ‘insoluble  precipitate,  Sapotiftcation  was  prete'ably  effeetd  with  a  mixture  of  one  part  acetic  acid  and 
two  pails  hydrochloric  and  (18 by  heating  on  »he  boilug  ware*  bath  'Jiider  a  reflux  condenser  foi  2  hours.  After 
dilution  of  the  reaction  mass  with  ten  tiires  the  amount  of  water  followed  by  neutralization  with  ammonia  until 
non-acid  to  Congo,  a  piecipitate  came  down.  It  was  crystallized  from  alcohol.  M.p.  241-242*  (with  decomp.). 

Heating  of  diaminobenzophenone  with  ihiosemicarbazide  m  alcohol  failed  to  yield  ,tlie_^xEes(ed.ttiio- 
icjpicaiba.iq.ne.  Successful  preparation  was  prepa*ed  in  the  following  conditiors:  To  a  suspension  of  2  g  p.p’* 
diaminobenzophenone  in  60  ml  alcohol  wa>  added  a  olutio"  of  1.6  gthioseinicatbazide  hydrochloride  In  6  ml 
water.  The  mixture  was  left  overnight  at  room  temperature.  The  precipitate  of  diamine  formed  a  red  solution. 

The  alcohol  was  distilled  off  in  vacuum  and  the  residue  wa>  dis>ols’ed  in  water.  The  solution  was  filtered  and 
neutralized  with  3^  sodium  bicarbonate  solution  to  give  a  precip'tate  wtighi'^-.g  2.1  g  a^td  decomposing  at  193-194*. 
Repeated  ciystallization  from  aqueous  alcohol  raised  the  decomp.  pt.  to  207-207,5'.  Tne  hydrochloride  Is  soluble 
in  water. 

Found  <5t:  S  11.16.  Cj^HuNjS.  Calculated'S):  S  11.23. 

10.  p.p’-Diacetaminoberzopfienor.-e  was  prepared  pure  bv  acetylation  of  diaminobenzophenone  with  acetic 
anhydride.  Mp.  237*.  Yield  85<S»  of  th^  the wetical. 

Unsuccessful  attempts  were  made  to  p.-epare  p.p  ■diacctaminobe'zophenone  thiosemicarbazore  by  heating 
with  thioscmicarbazide  in  alcoholic  solution  or  in  alcohol  coo’aL.L'g  hydrochl’tiric  or  acetic  acid,  by  heati"g  in 
butyl  alcohol  or  in  alcotiol  cont^i-ing  mic-emicarbazide  hydrochloride, 

SUMMARY 

1.  8  Thsosemicarbazones  of  benzopnero: e  and  its  derivatives  were  prepared. 

2.  This  reaction  was  shown  to  be  catalyzed  by  hydroc*" loric  acid  in  a  number  of  cases. 

3.  Tests  of  the  prepared  compounds  against  tuberculosis  orga''isms  ir.  vitro  showed  that  the  thiosemicarbazones 
of  this  series  arc  either  inactive  towards  the  bacilli  o*  posu!>s  an  extremely  weal*  activity. 
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SYNTHESIS  OF  LEUCO  BASES  AND  DYES  OF  THE  TRIPHENYLMETHANE  SERIES.  11,  PI 


I.  Kh.  Feldmin  and  A.  I.  Zitser 


The  preparation  of  rubrophen  was  disclosed  in  1937  [21  It  is  a  dihydroxytrinKthoxyfuchsone.  Its 
hydrochloride  is  known,  to  us  by  the  name  of  rubrocoL 


OH 


It  proved  to  possess  a  very  low  toxicity  and  found  application  in  the  therapy  of  some  nonpulmonaryforms 
of  tuberculosis  (tuberculosis  of  the  glands  [3.41  urinogenltal  tuberculosis  [51  bone  and  joint  tuberculosis).  This 
prompted  Soviet  scientists  to  investigate  compounds  of  the  hydtoxyuiphenylmethane  series  [6,71  with  the  aim  of 
finding  more  effective  and  more  accessible  agents  for  the  cure  of  tuberculosis. 

We  have  prepared  compounds  of  the  uiphenylmethane  series  conuining.  in  addition  to  hydroxy  atsd 
methoxy  groups,  nitro,  amino,  sulfanilamino  and  other  groups. 

In  this  communication  we  describe  3-nitro-4'.4"-dlhydroxy-3’.3"-dimeth'Oxytriphenylmethane  (I)  and  its 
transformation  products.  Starting  materials  for  this  synthesis  were  m^itrobenzaldebyde  and  guaiacoU  The 
research  wascanied  out  accordrng  to  the  following  scheme: 


ConJinsatior.  cf  o-.  .n*  anJ  p-f^lirobenza’dehNx’es  wiili  F-hcnols  and  their  ethers  always  gave  aaiorphouf. 
difficaltlv  puhfiable  products  which  were  characterized  as  pure  substances  on  the  basis  of  their  analyses  [8-111 
WTren  the' condensation  cf  ra-riirobcnzaldeh>'de  with  guaiacol  was  performed  in  a  mixture  of  concentrated 
hv-drochloric  and  glacial  aceUc  acld».  we  obuined  a  crystalline  substance  in  90^  yield  which  defied  description; 
in  anal>-5is  it  corresponded  to  the  product  that  we  had  expected  to  obtain-3-nitro-4:4"-dihydroxy-3*,3"-dimethoxy- 
triphenylme thane  (I).  Examination  showed,  however,  that  it  was  heterogeneous,  after  its  saturated  acetic  acid 
solution  had  stood  for  a  lengthy  period  (about  2  months),  separation  occurred  of  up  to  10^,  of  a  crystalline  nitro 
compound  vriih  m.p  138-140*  whose  analysis  also  corresponded  to  compound  (I),  Oxidation  of  the  amorphous 
product  gave  up  to  40^  of  3-nitro-4  -hydroxy-3;  3*-dimethoxyfuchsone  til).  li;<ewise  identical  with  the  product 
of  oxidation  of  the  crystalline  nitro  compound  (I),  Furthermore,  from  the  residual  reaction  mass  was  isolated  a 
dye  differing  in  properties  from  the  compounds  of  the  hydroxyfuchsone  scries  (is  not  decolorized  by  caustic 
alkalies):  %4e  did  not  examine  it  more  closely. 


Condensation  of  m-nitrobenzaldehydc  with  guaiacol  in  presence  of  dry  hydrogen  chloride  gas  gave  the 
crystalline  compound  (I)  m  a  yield  of  70^  of  theory.  It  was  oxidized  with  amyl  nitrite  in  ethyl  aceute  which 
conuiped  dry  hydrogen  chloride.  The  resultant  3-niuo-4’-hydroxy-3’.3'‘-dimethoxyfuchsone  crystallizes  with 
molecular  ether,  is  readily  hydrolyzed  by  water  to  form  compound  (II).  and  dissolves  in  caustic  alkali  with 
a  bright-blue  color.  The  color  disappears  when  the  alkalLne  solution  stands  in  the  air.  From  the  decolorized 
alkaline  solution  of  3-n:tro-4*-hydroxy*3'.3"-dimethoxyfuchsone  was  Isolated  3-nitro-4*.4"-dihydroxy-3’,3"- 
dimetboxytriphenylcarbinol  (III).  Acetylation  of  3-nxtro-4’-hydroxy-3’.3"-dimethoxyfuchsone  (II)  with  acetic 
anhydride  gave  3-niuo'4  .4  ’-ducetoxy'3‘.3‘  -dimeihoxyiriphenylcarbinol  (IV).  Passage  of  a  current  of  air 
through  the  alkaline  solution  of  the  nltrofuchsone  (II)  gave  its  cleavage  product  (not  described  in  the  literature). 
.3-nitto-4  -hydroxy-3 ‘-methoxybenzophenone  (V).  The  nltrofuchsone  (II)  possesses  valuable  properties  as  an 
indicator. 


With  the  aim  of  establishing  tlie  necessity  of  the  presence  of  free  hy-droxy  groups  for  the  tuberculostatic 
action  of  hydroxytriphenylmethane  compounds,  we  methylated  these  groups  in  3-nitro-4'.4"'dihydroxy-3’,3*- 
dimethoxytriphenylmeihane  Methyl.'^lon  was  performed  with  dimethyl  sulfate  in  an  alkaline  medium.  The 
cbtained  3-nitrc-4  ,4“,3’.3*-teiiamethoxytriphenylmethane  (VI)  was  reduced  with  hyd.xigen  in  presence  of  skeletal 
nickel  catalyst  to  form  3-amino-4’.4’'.3‘,3'  -teuamethox>triphcnylmethane  (Vn). 


Examination  of  the  tuberculostatic  activity  of  the  prepared  compounds,  carried  out  by  O. 
the  chemotherapeutic  laboratory  of  the  VNIKhFI  under  the  direction  of  Professor  G.  N.  Pershin, 
leuco  bases  and  dyes  with  free  hydroxy  groups  possess  slight  activity  against  tuberculosis  bacilli, 
the  ’.ydroxy  groups  leads  to  complete  loss  of  antitubercular  activity. 


O.  Makeeva  in 
showed  that 
Substitution  of 


EXPERIMENTAL 


3-Nitro-4'. 4** -dihydroxy -3',  3"-dimethoxytriphenylmetliane  (I) 

Into  a  thoroughly  triturated  mixture  of  46  g  pure  m  nitrobenzaldchyde  and  82  g  freshly  distilled  guaiacol  was 
passed  a  steam  of  dry  hydrogen  chlofldc  for  4  hours  The  reaction  mass  was  left  overnight  and  then  crystallized  from 
90  ml  80*^  acetic  acid.  65  g  substance  with  m.p.  133-136*  was  obtained.  Crystallization  from  alcohol  gave  78  g  of 
a  substance  with  m.p.  138-140*.  It  dissolves  readily  in  glacial  acetic  acid  (when  heated),  chloroform  and  caustic  alkali: 
it  has  poor  solubility  in  alcohol,  ethyl  acetate,  acetone  and  ether:  it  is  insoluble  in  benzene,  petroleum  ether, 
water,  bicarbonzte.  sodium  carbonate  and  ammonia.  The  caustic  alkaline  solution  is  colored  yellow. 

Found  C  66.51.  66.55;  H  4.97.  5  21;  N  3.77,  3.83:  OCH,  16.12,  16.29.  Calculated  ‘Jfc: 

C  66.14;  H  4.98:  N  3,67;  OCH,  16.29. 

3  -Nitro-4'  -hydroxy-3  ' .  3 --d  imethoxy  fuchsone  (Ill 

I 

Into  a  four-necked  flask,  fitted  with  a  stirrer  and  seal,  a  thermometer,  a  dropping  funnel  and  a  condenser 
topped  by  a  calcium  chloride  tube,  was  Introduced  25  g  3-nitro-4’.4*-dihyd.'Oxy-3’.3’-dimethoxytriphenylmcthane  and 
150  ml  dry  ethyl  aceute.  The  solution  was  cooled  to  a  temperature  of  0-2*.  and  addition  was  then  made  to  it  of 
100  ml  ethyl  acetate  conuinLng  25  g  dry  hydrogen  chloride.  The  solution  turned  red-violet.  A  solution  of  20  ml 
freshly  distilled  amyl  nitrite  in  20  ml  dry  ethyl  acetate  was  then  stirred  in  gradually  from  tfie  dropping  funnel  With 
the  addition  of  the  first  drop  of  solution  the  color  changed  to  dark  violet.  The  duration  of  the  addition  was  2  hour*. 
Stining  at  a  temperature  of  5-6*  was  continued  for  a  further  3  hours  and  the  reaction  mass. was  left  overnight  at  a 
temperature  not  higher  than  15*.  On  the  following  morning  the  bottom  of  the  flask  conuined  an  abundant,  dark- 
violet  precipitate  of  the  hydrochloride.  This  was  filtered  off  and  washed  with  ethyl  aceute  and  dry  ether.  For 
removal  of  the  ethyl  acetate  it  w«  left  ir  dry  eilier  for  another  few  hours.  The  hydrochloride  melted  at  182-184* 

(with  decomp  )*.  Its  chlorine  analysis  corresponds  to  3-rtitro-4  -hydroxy-3*.3'-dimethoxyfuchsone  hydrochloride. 
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containuig  one  moleculs  of  ether  of  crystallizatioa. 

Found ‘Ji:  Cl  7.29.  7.25.  CjjHxtO^ •  HO* C4HUO.  Calculated ‘J)-.  Cl  7.2 B. 

The  hydrochloride  is  complete ly  hydrolyzed  by  ware;  in  2-3  hours.  Its  solution  in  lO^Jt  hydrochloric  acid  is 
almost  completely  hydrolyzed.  When  the  hydrochloride  is  treated-with  sodium  acetate  solution  it  is  also  converted 
into  the  base  after  a  few  hours:  after  >tanding  for  a  loag  period,  the  soluUon  turns  blue. 

The  base  ootained  by  treating  die  hydrochloride  wid:  water  is  an  orange,  crystalline  powder,  with  m.p. 
227-228* .  From  glacial  acetic  acid  it  forms  bright-orange  crystab  reminiscent  of  potassium  bichromate  in  color; 
m.p.  228-229*.  Its  analysb  corresponds  to  3-nitro-4*-hydroxT-3'.3*-dimethoxyfuchsone. 

Found‘d.:  C  66.36,  6C.52;  H  4.65,  4.67:  N  3.71.  3.C7.  C^HitOjN.  Calculated'S);  C  66.49:  H  4.48:  N  3.69. 

When  the  nitrofuchsone  (II)  is  heated  with  2Cr)fc  sodi>*ni  bisulfite  solution  for  1-l^hours  at  60-70*.  i!  partly 
goes  into  solution.  The  buulfite  compound  does  not  crystallize  from  the  solution.  Addition  of  concentrated 
hydrochloric  acid  to  the  bbuifite  solution  brings  down  crystab  of  the  hydrochloride  of  the  nitrofuchsone 
contaminated  by  crystals  of  sodium  chloride.  Heating  wira  Lydrocnloric  acid  gave  a  substance  which  did  not 
yield  the  pure  nitrofuchsone  (II)  after  treatment  with  water,  tte  substar^ce  has  a  low  and  prolonged  melting  range. 

The  bisulfite  solution  becomes  blue  when  treated  with  caustic  abali. 

Hydrate  form  of  3-nitro-4*-hydfoxy-3*.3"-dirrethJayf,chsoTe  0  5  g  3-nitro-4*-hydroxy-3*.3’*-dimeihoxy- 
fuchsone  was  dissolved  in  20  ml  glacial  acetic  acid  ard  the  solution  was  poured  dropwise  into  100  ml  water.  The 
resultant  flocculent.  orange  precipitate  was  dried  in  a  vac^uoi-desiccator  over  caustic  alkali  for  2  days.  It  melted 
with  gradual  shrinkage  at  80-90*.  after  which  it  again  solsdi^ed  and  finally  melted  at  227-228*.  Its  analysis  for 
water  of  crystallization  showed  that  it  contains  slightly  less  iLan  1  mole.  It  probably  loses  some  water  of  crystalliza¬ 
tion  in  the  desiccator. 

Found  H,0  4.00,  4.08.  C,|H„0*N  •  H,0.  Calcularcd  ‘Ji:  H,0  4.53. 

Recrystallization  of  the  nitrofuchsone  from  glacial  acetic  acid  gave  a  product  melting  at  228-229*.  The 
hydrated  form  forms  a  bisulfite  compound  rather  more  qu'ckly  dun  the  crystalline  product,  but  a  considerable 
proportion  of  the  former  likewise  does  not  go  into  solutioa. 

3-Nitro -4 ’.4** -dihydroxy-3', 3  "-dimetboxytriphenylcarblaol  (Ill) 

1  g  nitrohyd.oxydi'nethoxyfuchsone  (II)  was  dissolved  in  100  rnl  ifijo  sodium  hydroxide  to  give  a  bri^t-blue 
solutioa  This  was  filtered.  After  15-25  .minutes  it  had  lest  tne  blue  color  and  become  red-orange  and  then  brown. 
The  color  of  tlie  solution  did  not  undergo  any  further  change  The  alkaline  solution  of  the  fuchsone  was  cooled 
while  dropwise  addition  was  made  to  it  of  lOO  ml  of  sodium  bisulfite  solution.  A  whi»e  flocculent  precipitate 
was  formed.  This  was  filtered,  washed  with  distilled  water  and  dried  on  filter  paper.  A  part  of  it  was  dried  out  in 
a  vacuum-desiccator  over  sodium  hyroxide.  A  sl’ghtly  greyish  powder  was  obtained  with  inclusions  of  orange 
material.  Another  portion  was  crystallized  from  aqueous  acetone:  when  the  solvent  was  slowly  evaporated,  white 
crystals  came  down  in  the  fonn  of  cubes  melting  at  158-160*  The  lecrysUllized  mateiul  was  kept  In  a 
desiccator  for  about  a  week  and  remained  white,  but  afterwards  turned  yellow.  The  color  of  the  uncrystalllzcd 
precipitate  changed  to  orange  after  only  a  day.  Addition  to  the  acetone  solution  of  the  carbinol  of  one  drop  of 
ammonia  caused  it  to  turn  green,  while  one  drop  of  concenu’ated  hydrochloric  acid  turned  it  red-violet.  The 
color  hardly  changed  when  dilute  hydrochloric  acid  (2^  solution)  was  added  to  the  solution. 

Found  N  3  45.  3.54.  CjxHiAN  Calculated  N  3  52 

3-Nitr o ::4_li^” :dj acetoxy - 3  ’ . S.” - d i m e t h o x y t r i p h e n y  1  c a rbinol  (IV) 

To  2  g  3-nitro-<'-hydroxy-3’.3"-dimethoxyfuchsoDe  wa»  added  15  ml  acetic  anhydride  and  0.5  g  anhydrous 
sodium  acetate:  the  solution  was  heated  on  a  gauze  to  boiling  for  3  hours,  the  color  becoming  light-orange  and 
remaining  so.  After  completion  of  the  reaction,  the  solatioti  was  diluted  with  acetic  acid  and  poured  into  Ice 
water  dropwise.  The  resultant  slightly  cream-colored,  flocculent  precipitate  was  not  crystallized  but  was  quickly 
washed  with  sodium  hydroxide  solution,  dissolved  in  acetic  acid  and  the  solution  poured  into  water.  It  melted 
gradually  between  76  and  80*. 

Found  <5fc:  COCH,  17.04:  OH  3.85:  N  2.91,  3.05.  Calculated  *?»:  COCHj  17  80.  OH  3.53:  N  2.91, 

Analysis  for  the  hydroxyl  group  by  Tserevitmov  s  metncxl  confirmed  the  formation  o^  the  carbinol  during 
acetylation. 
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X  i  JcT  iv*t-alkalinc  cleavagie  cf  3 -n  it:o-4  ' -hyi  rox  y 


3''-diir.  ethcxyfuchscne 


3-Nitro-4'-hydroxy-3’-rnethoxybenzophenone  (V) 

Lnto  a  2-nccked  flask,  fined  with  a  condenser  connected  at  the  top  to  a  water  jet  pump  and  with  a  rubber 
stopper  through  which  passed  a  bent  tube  reaching  to  the  bottom  of  the  flask,  war  introduced  2  g  3-niiro^  -hydroxy- 
3',3'-dimethoxyfuchsone  (II)  and  100  ml  5y»  sodium  hydroxide  solution.  The  bent  tube  was  connected  to  two  wash* 
bottles  two-ihi^ds  filled  with  2(^/0  sodium  hydroxide  solution.  Aspiration  cf  air  was  regulated  by  opening  the  pump 
so  that  not  more  than  2-3  bubbles  passed  through  per  second.  Tne  reaction  flask  was  placed  in  a  boiling  water 
bath.  After  15  hours  a  light-yellow  precipitate  had  fo;med.  The  reaction  flask  was  stood  for  a  further  24  hours 
and  dien  the  precipitate  was  filtered  off  (0.8  g).  It  was  dissolved  in  30  ml  water,  the  solution  was  filtered,  and 
carefully  neutralized  (while  cooling)  with  40^  acetic  .acid.  0.65  g  of  slightly  pinkish  preci*.!tate  was  separated. 

It  was  crystallized  from  5  ml  alcohol  to  give  slightly  pinkish  crystals  with  m.p.  132-134*.  A  second  crystallization 
from  alcohol  raised  the  m.p.  to  134-135*.  Yield  0.4  g  A  further  recrystallization  did  not  change  the  melting  point. 

The  substance  is  soluble  in  the  cold  in  caustic  alkali  to  a  bright-yellow  solution:  when  heated  it  dissolves 
in  15^  sodium  carbonate  solution  with  a  green  color:  it  docs  not  dissolve  on  heating  in  5^  sodium  carbonate 
solution,  in  bicarbonate  and  water,  but  the  solvent  takes  on  a  greenish  color.  It  dissolves  in  alcohol,  acetone, 
ether  and  chloroform. 


Its  analysis  corresponds  to  3-nitro-4’ -hydroxy-3 '-methoxybenzophenone.  not  described  in  the  literature. 

Its  structure  follows  from  the  structure  of  the  initial  fuchsone  and  can  only  be  3-nitro-4*-hydroxy-3*-mahoxy- 
benzophenone. 

Found  <5i:  C  Cl  77,  61.61:  H  4.03,  4.17:  N  5.18.  5.23.  CuHuf\N.  Calculated  C  61.54;  H  4.03; 

N5  12 

Indicator  properties  of  3-nitro-4'-hydroxy-3'.3*’-dimcthoxyfuchsone 

Wc  prepared  buffer  solutions  from  borax  and  monosubstituted  potassium  phosphate  with  pH  from  6  to  7.6. 
The  solutions  were  prepaied  in  gradations  of  0.1  pH.  In  addition,  an  O.b'^  solution  of  3-nitro-4’-hydroxy-3*,3*- 
dimethoxy fuchsone  in  acetone  was  prepared. 

In  a  test  tube  were  placed  10  ml  buffer  solution  and  3-4  drops  of  the  acetone  solution  of  the  dye.  We 
observed  sharp  color  changes  at  any  pH  interval: 

at  pH  6.4  the  color  was  yellow,  at  pH  6.6,  it  was  green,  at  pH  7.1  it  was  dark  blue.  The  results 
were  cliecked  by  titration. 


3.iN.i_txo.t_3  3  "j,4 '  ^4  " -  te  tram  ethoxy  tripheny  1  methane  (VI) 

Into  a  thick-walled,  round -bottomed  flask  were  introduced  9  g  3-nitro-4*.4"-dihydroxy-3'.3"-dlmethoxy- 
triphenyl  me  thane,  24  ml  10^  sodium  hydroxide  and  7.2  ml  dimethyl  sulfate.  The  flask  was  vigorously  shaken 
for  20-25  rrdnutes.  An  oily  substance  separated  out  and  later  solidified  to  a  clot.  This  was  separated  from  the 
solution,  pulverized,  washed  2-3  times  with  2^  sodium  hydroxide  solution  (5-10  ml  each  lime)  and  then  with 
water  until  the  alkaiine  reaction  had  disappeared.  The  precipitate  was  dried  and  crystallized  first  from  acetone 
and  then  from  alcohol.  There  was  obtained  7  g  of  yellow,  finely  aystalline  product  with  m.p.  138-139* 

(lyjoof  theory)  The  product  gives  a  sharp  depression  of  m.p  in  the  mixed  melting  test  with  the  original  nitro 
compound.  It  is  insoluble  in  caustic  alkali,  very  slightly  soluble  in  alcohol  and  acetone. 

Found  N  3.68,  3.65;  <XH,  29.85.  29.80  C,,H|,OjN.  Calculated  <31:  N  3.42;  CX:H|  30.32. 
3-Aniino-3'^3‘*,4’,4*-teiramethoxyiriphcnylmeihane  ( Vll) 

5  g  of  (VI)  was  dissolved  in  100  ml  alcohol  and  to  the  solution  was  added  5  g  skeletal  nickel  caulyst 
The  flask  was  connected  to  an  apparatus  filled  with  hydrogen  and  shaken  on  the  machine.  At  the  end  of  the 
reduction  a  considerable  precipitate  had  formed.  The  reaction  mixture  was  heated  to  the  boil  and  die  catalyst 
filtered  off  Cooling  of  the  filtrate  led  to  separation  of  2.3  g  of  substance.  After  drivmg  off  the  solvent  a  further 
1.7  g  was  obtained  in  the  form  of  white  needles  with  m.p  126-127*.  Yield  05^  of  theory.  Repeated  crystallization 
did  not  alter  the  melting  pcim  of  the  compound. 

Found  N  3  66.  3.77,  OCH,  32.42.  32.30  C„H^04N.  Calculated  *3^:  N  3.69.  OCH,  32.74. 
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3-Amiiic-3V.3".4‘,  4* ••-TetratnethoxvtfM'hfcnsl.Tietuane  hyarochloride. 

Treatment  of  the  amine  with  10^  hydrochloric  acid  solution  gave  the  watei -insoluble  hydroctloride. 

It  crystallizes  from  alcr^ol  with  m.p.  230-232*i  it  is  insoluble  in  concentrated  ar  .dilute  hydrochloric  acid, 
soluble  in  water  when  heated.  The  chlwine  was  determined  b>  poicntioraetric  dtration. 

Found  ie:  Q  8.50.  8.48.  C„Htt04N-  HQ.  Calculated  «<,:  a  8.53. 

SUMMARY 

1.  A  series  of  hydroxytriphenylmethane  compounds  was  ivr.Tjesized. 

2.  The  transformations  of  3*nltro-4*-hydroxy-3’.3"-diiri??ho'»vfuchsooe  were  studied;  its  carbiool  base 
and  the  product  of  its  acetylation  and  oxidative  cleavaf.e  were  prepared. 

3.  The  indicator  properties  of  3-nitio-»’-h>dro»y-3'.3'^in:e*hox>fuchiore  were  studied,  t  sbows  a 
sharp  color  change  in  the  pH  region  of  6.4  to  7,1  and  may  be  recom-metded  as  an  indicator  for  f.tratiop. 
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ACTION  OF  AROMATIC  DIAZO  COMPOUNDS  ON  COMPOUNDS  OF  THE  TYPE  OF 
ALK  YLACETOACETIC  ESTERS  AS  A  METHOD  OF  SYNTHESIZING  ARYL  HYDRAZONES 
OF  fl-KETO  ACIDS.  a-AMINO  ACIDS  AND  HETEROCYCLIC  NITROGEN  COMPOUNDS 

Xni.  REACTION  OF  DIETHYL  a-ACETOGLUTARATE  AND  SOME  OF  ITS  ANALOGS  WITH  ARYLDIAZONIUKfS 

V.  V.  Feofilaktov  and  N.  K  Semenova 


In  a  series  of  previous  com iTiuiucat ions  one  of  us  demonstrated  the  possibility  of  applying  the  coupling 
reaction  of  aryldiazoniums  with  compounds  of  the  type  of  alkylacetoacetic  esters  to  the  preparation  of  aryl- 
hydrazones  of  o^scto  acids,  as  well  as  the  application  of  the  latter  to  the  synthesis  of  a -amino  acids  [1-13] 
and  indole  derivatives  [14] 


It  was  also  established  that  the  arylhydrazones  of  esters  of  oxaloacetic  acid,  formed  by  coupling 
aryldiazoniums  widi  acetosuccinic  ester,  spontaneously  (cseo  ia  process  of  their  formation)  were  capable 
of  ring  closure  to  form  a  pyrazolone  ring,  and  that  the  ianer  there  and  ther)  again  undergoes  czo  coupling 
with  formation  of  azo  compounds  of  the  pyrazolone  series  [15.16]: 


CIU - CHCOOCifl. 

I  I 

COOCjH,  COCH, 


Ar-N=N-CH - C-CCXX:,H* 

CO  N 
N 

I 

Ar 


It  appeared  to  be  of  interest  to  study  the  azo  couplixtg  of  arylhydrazones  with  a>acetoglutaric  ester  and 
some  of  its  analogs:  y.y-diacetobutyric.  a-carbethoxyglutaric  and  fi -cyanoethylacetoacetic  esters,  and  to  make 
use  of  the  resultant  arylhydrazones  for  furdier  syntheses  In  particular  we  had  m  mind  the  investigation  of  the 
possibility  of  utilizing  them  for  the  synthesis  of  six-membered  nitrogen  heterocycles  ~*pyridazinones~which  have 
so  far  received  little  attention. 


Coupling  was  performed  in  aqueous-alcohohc  acetic  acid,  neutral  or  alkaline  media,  depending  on  the 
character  and  activity  of  the  diazo  and  azo  components  It  was  established  that  diazo  components  containing 
electrophilic  substituents  in  the  ring  (p^iuoaniline.  sulfanilic  and  anthranilic  acids,  etc  ).  also  a*  and  B-naphthyl* 
amines,  coupled  in  acetic  acid  and  neutral  media,  diazo  components  containing  nucleophilic  substituents 
(toluidines)  coupled  in  an  alkaline  medium,  in  agreement  with  statements  in  the  literature  [17] 

In  our  case  the  more  active  azo  components  proved  to  be  S<vanoethylacetoacetic  and  y.y  ^liacetobutyrlc 
esters,  and  the  less  active  ones  were  a-acetoglutaric  and  o-carbethoxyglutaric  esters  We  arrive  at  this  conclusion 
both  on  the  basis  of  the  ability  of  the  former  to  couple  in  acetic  acid  and  neutral  media  and  on  the  basis  of  the 
higher  yields  of  their  coupling  products,  as  can  be  illustrated  by  the  reaction  with  phenyldiazonium  chloride  (Table  1) 

The  differing  activity  of  these  esters  as  azo  components  as  revealed  in  our  experiments,  can  be  correl.'ted 
with  the  character  and  number  of  the  groups  activating  the  prototroplc  systems;  as  wc  know  [18].  these  groups  can 
be  arranged  in  the  following  order  in  respect  of  their  activating  energy. 


On  comparing  the  structures  of  the  esters 
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CHjCO 


CH 

CH, 

i 

CH, 

CN 

(A) 


ccxx:,H, 


ChjCO  ‘*- 


CH - 

1 

a, 

CH. 

COOC,H, 

(B) 


COCri, 


CH,CO* 


COOqH,  C,H,OOC 


-  CH - >  COOC^H, 

i 

CH. 

CH. 

COOC,H,. 

(C)  (D) 

we  notice  at  once  that  among  the  activating  groups  of  (A)  and  B)  there  are  two  each  of  the  more  active  electrophilic 
groups  (CN:  CH,CO).  while  the  third  contains  only  one  of  these  *CH,CO).  and  the  fourth  (D)  contains  three  of  these 

but  the  least  active  ones  (COOCjH,). 


TABLE  1 


Azo  co:npor.ent 

Coupling  medium  | 

1 

1  Yield  of 

1  hydrazone  (*76) 

B  -Cyanoethylacetoacctic  ester 

Neutral 

98 

y.y-Diacetobutyric  ester 

Neutral 

90.1 

o-Acetoglutaric  ester 

Acetic  acid 

71 

c-Carbcthoxyglutaric  ester 

Caustic  alkali 

49 

Hence  the  hydrogen  of  the  CH  groups 
in  the  first  two  compounds  is  more 
positive  (labile)  than  in  the  third 
and  fourth:  this  property  is  a  factor 
in  their  differing  activity  as  azo 
components. 

The  result  of  azo  coupling, 
as  a  rule,  is  the  formation  of 
amorphous,  brown,  oily  products 
(azo  esters).  In  the  case,  however, 

of  0 -acetoglutaric  ester  and  naphthionic  acid  as  the  diazo  components,  it  was  possible  to  isolate  the  azo  esters 
in  the  solid  form  and  to  anal>'ze  them  as  the  sodium  salts  (Table  2,  Formula  12). 

As  a  general  rule,  the  process  of  coupling  of  all  these  esters  was  accompanied  by  separation  of  appreciable 
amounts  (perceptible  by  the  odor)  of  ethyl  acetate.  It  is  formed  apparently  by  addition  to  some  extent  of  alcohol 
(or  alcoholate)  to  the  acet>'l  group  of  the  azo  ester  and  subsequent  cleavage  of  this  group  in  the  form  of  ethyl 
acetate  A  similar  type  of  alcchol>’sis  at  the  ^C=0  group  was  previously  observed  by  one  of  us  [l-la)  and 
by  Hauser  and  Reynolds  [191 


By  carrying  out  the  coupling  of  cyclopentanone  caihoxylic  ester  with  diazobenzene  in  an  alcoholic  medium 
there  is  obtained,  in  addition  to  the  phenylhydrazone  of  the  acid  ester  of  a -Iretoadipic  acid,  a  small  amount  of  the 
phenylhydrazone  of  the  diethyl  ester  of  a-l<etoadipic  acid  Formation  of  the  latter  may  be  regarded  as  an  unusual 
case  of  alcoholysis,  although  proceeding  in  pretence  of  considerable  amounts  of  water  [I4a]: 


H,C 


CH, 


\ 


CO 


H,C- 


CH-COOCjH, 


CH, 

H,C  ^CO 


!  !  COOC,H,  - 

H,C - C 

'^N=N-C,H, 


H,C 

I 

H,C 


CH, 


^COOCjH, 

COOC,H, 

-C^ 

'^N-NHC,H, 


Hauser  and  Reynolds  observed  tfie  addition  of  alcohol  (in  the  form  of  alcoholate)  to  the  beruoyl  group 
of  the  ethyl  ester  of  c-nitroso-a-beruoylvaleric  acid  and  subsequent  cleavage  in  the  form  of  ethyl  benzoate. 

In  the  course  of  our  research  we  abo  observed  that  the  ease  of  cleavage  of  the  CH,CO-  and  C,H,COO- 
groups  from  the  azo  esters  deperxls  in  large  measure  on  the  character  and  structure  of  the  azo  and  diazo 
components  It  is  higher  in  the  case  of  the  products  of  the  coupling  of  more  active  components  and  lower 
in  he  case  of  azo  esters  prepared  by  coupling  of  less  active  components.  Thus,  of  the  fise  products  of  coupling 
of  phenyldiazonium  chloride  with  various  esters,  only  one  (with  6-cyanoethylacetoacetic  ester)  underwent 
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TABLE  r. 

Producti  of  Coupling  of  o-Acetoglutaric  Ester  %rith  Aryldiazoniums 


Prep. 

No. 

Diazo  component  j 

Structure  of  product  j 

t 

- -  1 

M.P. 

(uncorrected) 

Yield 

1 

( 

1 

! 

Aniline . 

; - 

HOOC-CH,-CH,-C=n-NH-*' 

1  ' — ' 

COOH 

CH, 

152-153*  [28) 

I 

74 

1 

2  ’ 

! 

1 

i 

O'Toluidine . 

HOOC-CH,-Cl^-C  =N^H-v^)  | 

COOH  j 

i 

159-160 

\ 

1 

\ 

\ 

1 

88 

3  ! 
1 

1 

1 

j 

m-Toluidine.  ... 

HOOC-CH,-CH|-C=N-NH-.'  ,  * 

COOH 

Cl  ! 

HOOC”CH|”CH|“C  '• 

COOH  ^ 

Cl 

,  y 

149  j 

;  i 

33.6 

4  ! 

1 

i 

1 

'  o-Chloroanlline.  .  . 

1 

i  > 

1 

183  [31]  1 

1 

j 

60 

5 

m-ChloroanUlne; .  HOOC~CH,-CH|-C=N-NH— !  J 

COOH 

170-171  [31] 

72.1 

i 

1 

6 

1 

p-Chloroaniline.  .  . 

1 

1 

1 

HOOC-CH,-CH,-C=  N-NH-^'x:i 

COOH 

COOH 

\ 

166 

1  81 

1 

4  j 

Amhranilic  acid  .  . 

HjCjOGC  -CH,-CH,-C=N-Nri-{_^ 

COOCjH, 

COOH 

\ 

i 

j  104-105 
% 

i 

1 

57 

1 

7ji 

{  Dino . . 

1 

HOOC -CH, -CH,-C =N -NH-^  ) 

COOH 

I  225 

1 

i 

i 

j 

8 

p-Niuoanillne.  .  .  .  , 

HjC,OOC-CH,-CH,-C=N-Nh-t 

COOCjHj 

1 

.  137 

;  87 

1 

♦ 

j 

9 

i 

Sulfanilic  acid ... 

^aOOC-CH|-Ch^-C=N“^JH-^^  ^SO,Na 

COONa 

1  /” 

does  not  melt 

i 

95.3 

1 

j 

10 

1 

a-NaphthylamlTie  . 

1 

1  \  / 

HOOC -C  Hj-C  f\-C  =-N 

,  COOH 

171 

1 

i  47.2 

1 

1 

1 

11 

B-NaphthylamLne.  . 

1 

HOOC-CH,-CHj-C=N-NH-'  ^ 

COOH 

.  —  \ 

'  co-ch*^  ; 

150 

1 

;  33  1 

j 

12 

1  Naphthionic  acid.  . 

} 

,HiC,OOC“CH,-CHi-C-N=N-'  /SO^Na 

COOCjHj 

.  '  \  / 

does  not  melt 

!  78  5 

12a 

,  Ditto . 

HOOC-Cri,-Cr^-C=N-NH-  SO,K 

1  does  not  melt 

— 

COOH 


465 


TABLE  3 

Products  of  Coupling  with  Aryldiazoniums  of  Some  Analogs  of  c-Acetoglutaric  Ester 

Azo  component”  .  Diazo  |  Structure 

No.  I  ;  j 

_ !  nent _ _ _ 

I  rl  Aniline ';NC-CH,-Ch,-C=N-NH'^  y 


NC-CfVCHj-CH-COOCjHs.  . 
COCH, 


CCXX^H, 

p-Nitro-  NC-CH,-CH,-C=N-NH^^^J^NC\ 
COOCjH, 

Aniline  HOCX;-CH,-CH,-C=N~NH,/  j 

i  ^ 

CO-CH, 


o-Tolu-  HCXX:-CH,-CH,-C=N-NHy^ 

“““  c(m:h, 


!  I  I  i 

I  m-Tolu-,HOOC-CH,-CH,-C=N-NHy^ 

!  i  I  COCH, 


C,H,OCX:-CH,-C’i,-CH-CO-CH, 

COCH, 


6  I  p-Tolu- 'HOOC-CH,-Cl^-C=N-Nh  yCH, 

I  i  COCH, 

7  [  p  Niiro-  C,H,0(y:-CH,-CH,C=N-NHv  NO^ 

[I  anUn^  |  COCH, 

' 

8  C,H,OCX>CH,-CH,-CHCO(X:,H,  Anilint  lOOOCH,-CH,-C=N-NH(  ^ 

;  CCXX:,H,  '  COOH 


I  M.P.  Yield 

i  C3E») 


I  159*' 

98 

,  P91 

•  158 

98 

173- 

90.1 

i  174 

;  1 

I  i 

*150  ! 

1 

!  1 

<  1 

72.4 

i  • 

1  i 

1  155 

1 

1  1 

85.5 

1  1 

il67  i 

1  .  * 

1 

80.6 

! 

;  132 

! 

84.6 

152- { 

49.1 

,153 

spontaneous  cleavage  of  the  CHi^CO-  group  without  supplementary  reaction  (Table  3.  1),  whereas  in  the  case  of  the 
products  of  coupling  of  y  .y -diaceidbutyric.  a-acetoglutaric  and  a-carb  ethoxyglutaric  esters,  treatment  was 
necessarv  with  caustic  alkali  solution,  for  the  first  component  the  treatment  could  be  less  drastic  (at  room 
temperatui-e  or  with  gentle  heating),  but  the  others  require  reaction  at  the  boil  (on  a  water  bath  or  gauze). 

On  the  other  hand,  when  the  azo  component  was  p-nitroaniline,  then  in  the  case  of  6-cyanoethylaceto- 
acetic  ester  (Table  3.  2)  andy.y-dlacetobutyric  ester  (Table  3;  7)  the  cleavage  of  the  acetyl  group  from  the 
products  of  coupling  proceeded  spontaneously,  and  10  minutes  heating  with  10*13^  alcoholic  solution  of 
hydrochloric  acid  was  only  required  for  the  azo  esters  prepared  from  a*acetoglutaric  ester  (Table  2;  8). 

These  observations  of  ours  are  in  full  accord  with  the  conclusions  from  the  investigations  of  Kl.  M  Shemyakin 
and  his  coworkers  C20'24]  on  the  activating  action  on  the  hydrolytic  cleavage  of  “C~C~bonds  of  electrophilic 
substituerts  and  in  particular  of  the  NO,  group,  which  in  our  experiments  is  readily  transmined  through  the 
conjugated  double  bornl  system  of  the  benzene  ring 

For  the  purpose  of  studying  in  iiwre  detail  the  behavior  of  a>acetoglutaric  ester  (I)  during  azo  coupling 
and  especially  during  subsequent  saponification  of  die  formed  azo  esters  (II.  V)  a  parallel  study  was  made  of 
the  azo  coupling  of  the  ethyl  ester  of  y  y-diacetobutyric  acid  (IV)  with  the  same  diazoniums.  Saponification 
of  the  brown,  amorphous  i^oducu  of  azo  coupling  —the  azo  esters  (V)  •  —gives  well-crystallizable  y-aryl- 
hydrazores  of  e-pyruvylpropionic  acid  (VI;  Table  3.  3.7).  which  are  found  to  be  quite  different  from  the 
correspoedng  products  of  azo  coupling  of  a-acetoglutaric  ester  (Table  2). 

•  This  azo  coupling  reaction  is  likewise  accompanied  by  formation  of  ethyl  acetate  (detected  by  odor). 
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Consequently,  cut  of  the  two  conceivable  directions  of  hydrolytic  cleavage  of  Ac  azo  esters  (II)  obtained 
from  Q-acetOtlutanc  ester,  hydrolysis  exclusively  jxoceeds  in  the  direction  of  cleavage  of  the  acetyl  groups 
^  proceed  at  al  In  the  direction  of  cleavage  of  the  caiboethoxy  groups  (II - -  V^. 


COOCjH, 


CH,CO-CH 

I 

CH. 


eexx:,!^ 

(I) 

c(xx:h, 


CH,CO-CH 

CH, 


ArNtOH 


CH. 

COOCjH, 

(IV) 


ArNtOH 


COOC,!^ 

CH,CC>-C-N=NAr 

h 

COOCjH,  J 
(D) 

<j:OCH,  n 
CH,CO~ON=NAr 
CH. 

CH. 

COOCjH,  J 

(V) 


NaOH,  HQ 
-CHiCOOH 


NaOH,  HCl 
-CHjCOOH 


CCX)H 

I 

C=N”NHAr 

I 

CH 

I 

COOH 

(ni) 

COCH, 

C=N-NHAr 

I 

CH. 

CH 

COOH 

(VI) 


A  comparative  study  of  the  behavior  at  azo  components  of  a*carbethoxyglutaric  ester  and  5*cyanoethyl> 
acetoacetic  ester  permitted  the  establishment  of  the  advantages  of  some  of  these  starting  compounds  for 
preparative  purposes. 

The  prepared  arylhydrazones  were  subjected  to  the  following  investigations: 

a)  Their  transformation  into  indole  derivatives,  giving  a  comparatively  convenient  irethod  for  the  synthesis 
of  hetcroauxin  and  its  substituted  products. 


b)  Reduction  of  some  of  them  to  glutamic  acid,  which  on  the  whole,  by  extending  to  monoaminodicarboxylic 
acids  the  method  of  preparation  of  a -amino  acids  via  the  stage  of  the  arylhydrazones  of  adreto  acids,  gives  a 
convenient  method  of  synthesis  of  glutamic  acid. 


c)  The  ability  of  these  arylhydrazones  to  cyclize  to  pyridazinone  derivatives:  investigations  of  some  of 
the  transformations  of  the  latter. 


EXPERIMENTAL 


I.  Q-Acetoglutaric  ester  —Products  of  Its  Azocoupling  (Table  2). 

a-Acetoglutaric  ester  was  prepared  by  reaction  of  sodium  ethyl  acetoacetate  with  the  ethyl  ester  of 
6-chIoropropionic  acid  by  the  method  of  Clemo  and  Welch  [25]  as  simplified  by  McHwain  and  Richardson 
[16].  The  ethyl  ester  of  8-chloropropionic  acid  was  synthesized  by  us  from  acrylonitrile  by  a  slight  modification 
of  the  known  method  [27], 

ethyl  ester  of  6-chloropfopionic  acid  Into  a  round -bottomed  500  ml  flask  placed  in  a  freezing  mixture  (ice 
and  salt)  is  poured  53  g  (1  mole)  freshly  distilled  acrylonitrile.  The  flask  1$  corked:  through  the  cork  passes  a 
reflux  condenser  and  through  the  latter  is  passed  a  glass  tube  reaching  to  the  bottom  of  die  flask.  A  dry  stream 
of  hydrogen  chloride  is  run  into  the  acrylonitrile  through  the  tube  until  the  weight  increases  by  43  g  (instead  of 
36  g);  this  takes  12-13  iiours.  Into  the  flask  is  then  inuoduced  55  ml  concentrated  hydrochloric  acid  (specific 
gravity  1.19),  the  mixture  is  shaken  and  allowed  to  stand.  After  5-10  minutes,  vigorous  saponification  commences 
with  considerable  i^eat  des’elopment  and  separation  of  an  abundant  precipitate  of  ammonium  chloride.  After 
30-40  minutes,  the  Kask  is  heated  for  20-25  minutes  on  the  water  bath,  and  then  addition  is  made  of  60  ml  absolute 
ethyl  alchol  before  continuing  the  heating  for  another  30  minutes.  The  cooled  mixture  is  agitated  -with  125  ml 
cold  water,  the  6*chloropropionic  ester  is  separated,  washed  with  5^  sodium  carbonate  solution  and  with  water, 
dried  with  anhydrous  sodium  sidfate  and  distilled  on  ati  oil  bath,  a  fraction  is  collected  at  162-163  .  Weight 
105  g  (78^  calculated  on  the  acrylonitrile). 

Diethyl  ester  of  o -acetoglutaric  acid  Into  a  round-bottomed  flask  (500  ml),  fitted  with  a  reflux  condenser 
and  calcium  chloride  tube,  is  introduced  165  ml  absolute  ethyl  alcohol  and  11.5  g  metallic  sodium.  To  the  cooled 
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alcoholate  is  added  130  g  ethyl  acetoaceute,  followed  after  stirring  by  6^  g  ethyl  ester  of  B -chloro  propionic  acid. 
After  a  few  minutes  a  vigorous  reaction  commences  to  the  accompaniment  of  strong  heat  development  and  separation 
of  sodium  chloride.  After  an  hour,  the  mixture  is  heated  on  the  water  bath  (until  the  alkaline  reaction  disappears), 
the  alcohol  is  dirtilled  off.  and  to  the  cooled  residue  is  added  cold  water  (200  ml):  the  oily  product  is  separated  and 
washed  with  cold  water:  the  wash  liquors  are  extracted  with  ether  which  dissolves  the  main  product,  and  the  ethereal 
solution  is  dried  with  anhydrous  sodium  sulfate.  After  dutilling  oil  the  solvent,  the  oily  product  is  feactionated  to 
vacuum  to  give  a  fraction  boiling  at  163-104* **  (22  mm):  the  weiglii  of  the  a-acetoglutaric  ester  was  98.6  g  or 
(calculated  o”  ^  6  chloropropionic  ester)  Cp  1.4420,  d^*  1.0695;  literature  data:  b.p.  146'147*  at  12  mm  (261 

Phenylhvdrazone  of  a  ketoglutaric  acid  (Table  2:  1),  4.65  g  of  aniline  was  diazotized  in  the  usual  manner, 
the  excess  hydrocnloric  acid  was  removed  by  adding  solid  sodium  acetate  arnl  the  diazo  solution  was  stined  to  a 
thin  stream  into  the  sodium  corr.pound  prepared  from  11^5  g  a  acetoglutaric  ester.  1.15  g  metallic  sodium  and  30  ml 
alcohol,  contained  in  a  beaker  immersed  in  a  freezing  mixture  (ice  and  salt).  On  mixing  of  the  solutions,  a  yellow 
emulsion  was  formed  and  quickly  separated  a  thick,  dark-red  oil.  The  odor  of  ethyl  acetate  was  perceptible. 

Stirring  was  continued  for  40  50  mir.utes  until  the  diazo  test  gave  a  negative  reaction  (6-naphthol),  after  which  the 
oil  was  separated,  it  did  not  crystallize  on  standing  and  was  therefore  saponified  vrith  20^  alcoholic  sodium 
hydroxide  •  by  heating  or.  the  water  bath  for  l-l^hours. 

After  distilling  off  the  alcohol,  addition  of  watet  and  extraction  with  ether  of  the  neutral  impurities,  the 
cooled  alkaline  solution  was  acidified  with  dilute  hydrochloric  acid.  The  separated  light -brown  crystals  of  the 
phenylhydrazofie  of  a -ketoglutaric  acid  were  separated,  washed  with  water  arrd  dried.  Weight  8.75  g  (74^  of 
the  theoretical),  m.p.  145-148'.  After  recrystallization  from  alcohol  (with  addition  of  carbon)  and  then  from 
ethyl  acetate,  the  light-yellow  crystals  cf  the  phenylhydrazone  melted  at  152-153*.  ••  in  agreement  with  the 
literature  [28) 

Found  ‘5t.  N  11.71.  11.65.  Calculated  N  11.86. 

o-Tolylhydrazone  of  e -ketoglutaric  acid  (Table  2  2)  To  a  mixture  of  6.3  g  o-toluidine  arxl  30  ml 
water  in  a  beaker  is  added  13  mi  concentrated  hydrochloric  acid  followed  by  4C  g  ice,  the  beaker  is  placed  in 
a  freezLng  mixture  and  at  a  temperature  of  —2  to  "  5*  addition  is  gradually  made  of  a  solution  of  3.6  g  sodium 
nitrite  in  14  ml  water.  After  10-15  minutes  the  diazotization  is  completed  and  the  diazo  solution  is  transfer!  W 
with  stirring  into  a  beaker  (immersed  in  freezi'g  mixture  and  fitted  with  a  mechanical  stirrer)  containing  the 
sodium  compound  prepared  from  11,5  g  (0.05  mole)  a  acetoglutaric  ester.  4  6  g  (0.2  g-atom)  sodium  metal  and  60  ml 
absolute  alcohol.  A  yellow  emulsion  forms  and  the  smell  of  ethyl  acetate  is  noticed.  Stirring  is  continued  for  an 
hour  (until  the  reaction  for  diazo  compound  is  negative).  The  reaction  product  is  a  dark-red,  oily  azo  ester:  it  is 
separated  by  decantation  from  the  alcoholic  liquor,  the  latter  is  acidified  with  KCl  (toCongo)  and  twice  extracted 
with  ether:  the  ether  is  distilled  off  and  the  extract  (about  0.4  g)  is  added  to  the  azo  ester.  The  combl-Ted  product 
is  dissolved  in  40  ml  20  %  alcoholic  solution  of  sodium  hydroxide  and  refluxed  on  a  water  bath.  After  a  heating 
period  of  2|’hours.  40  ml  water  is  added  to  the  flask  and  the  alcohol  is  distilled  off.  After  removal  of  the  neutral 
impurities  by  ether  extraction,  the  cooled  alkaline  solution  is  acidified  with  dilute  hydrochloric  acid.  The  precipitated 
dark -yellow  crysuls  are  collected,  washed  with  water  and  dried.  Weight  11  0  g  Yield  88^  M  p.  155-157*  (with 
decomposition),  after  recrystallizatton  from  not  acetic  acid  or  50^  aqueous  alcohol  with  addition  of  carbon,  the 
yellow  star-like  clusters  of  needles  of  o  tolyhydrazone  of  a -ketoglutaric  acid  melted  at  159-160*  with  decompottion 
(uncorrected). 

The  compoiind  is  extremely  soluble  in  acetone,  readily  soluble  it  ether,  ethyl  acetate,  hot  acetic  acid  and 
alcohol,  poorly  scHuble  in  benzene,  it  forms  a  stable  violet  color  with  concentrated  sulfuric  acid  and  potassium  bi¬ 
chromate  (Billow  reaction). 

Found  N  11.01,  10.98.  cquiv.  122.  123.  CnHi404N,.  Calculated  N  11.20:  equiv.  125. 

m-Tolylhydrazone  of  a  ketoglutaric  acid  (Table  2:  3).  5.3  g  m-toluidine  was  diazotized  and  coupled  with 
the  sodium  derivative  prepared  from  11.5  g  a-acetoglutaric  ester  by  the  previously  described  method.  Saponification 
of  the  oily  pvroduct  of  azo  coupling  was  performed  by  heating  with  sodium  alcoholate  (4  g  Na  in  60  ml  alcohol)  for 
2  hou.'s.  On  the  expiration  of  this  period.  aJd:t usn  was  made  to  the  flask  of  100  ml  water  and  the  alcohol  was 
distilled  off.  The  neutral  impurities  were  removed  from  the  cooled  alkaline  solution  by  ether  extraction  and  then 
the  solution  was  carefully  acidified  (with  ice  cooling)  with  dilute  hydrochloric  acid.  The  resultant  light-yellow 


•  40  <>»  ethyl  alcohol  was  normally  used  for  the  alcoholic  alkaU. 

**  rnelting  points  given  for  our  preparations  were  not  corrected. 
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crystals  were  collected,  washed  with  water  and  dried.  Weight  4.20  g  (33.6  <Jo),  in.p.  146-148“.  Readily  soluble  ia 
methyl  alcohol,  ethyl  alcohol,  acetone  and  ethyl  accire  fter  recrystallization  from  aqueous  ethyl  alcohol,  the 
m-tolylhydrazone  of  a -ketoglutaric  acid  melted  at  14G-*  with  decomposition. 

Found  N  11.24.  11.30;  equiv.  126.  127.  04M,.  Calculated  K  11.20:  equiv.  125. 

The  obtained  m  tolylhydrazone  of  a -ketogluuric  acid  was  cenverted  into  l-<m-tolyl)-pyridazinooe-3- 
carboxylic  acid  and  4-methyl-2-carboxyindole-3-aceUc  acid. 

p-Chlorophenylhydrazone  of  fl-ketoglutarlc  acid  (Table  2;  4V  6.34  g  o^hloroaniline  was  diazotlzed  id 
the  usual  manner  «i)d  the  excess  of  hydro  iloric  acid  removed  with  solid  sodium  acetate.  With  energetic  stirring, 
the  diazo  solution  was  introduced  portionwise  into  the  cooled  (with  snow  and  salt)  sodium  derivative  prepared  from 
11.5  g  a-acetoglutaric  ester.  1.15  g  sodium  and  30  ml  absolute  alcohol.  The  stirring  was  prolonged  for  an  hour 
(untU  absence  of  free  diazo).  The  separated  dark-red  oU  was  dusolved  in  50  ml  25 alcoholic  solution  of  poussium 
hydroxide  and  refluxed  or  the  water  bath.  At  the  expiration  of  4  houis.  30  ml  water  was  added  to  the  flask  and  the 
alcohol  was  distilled  off  After  removal  of  neutral  impurities  from  the  cooled  alkaline  solutioc  by  ether  extraction, 
the  solution  was  placed  in  a  freezing  mixture  and  acidified  with  dilute  hydrochloric  acid.  The  precipitated  light- 
pink  crystals  were  collected  washed  with  water  and  dried.  Weight  g  (BO^fc).  m.p.  176-179*.  positive  Biilow 
reaction.  The  crystals  are  highly  soluble  in  ethyl  acetate  and  acetone,  dissolve  readily  in  acetic  acid  and  methyl 
and  ethyl  alcohols:  tfiey  are  in^luble  in  benzene,  li  groin  and  ether;  sparingly  soluble  in  hot  water.  After  recry- 
stallizatioit  from  alcohol  (with  carbon)  and  then  from  acetic  acid,  the  bright-yellow  rvedles  melted  at  183*  %rith 
decomposition. 

Found  <%:  N  10  24.  10.22:  equiv.  130.134.  CyHn04N|Cl.  Calculated  N  10.37;  equlv.  135. 

m-Chlorophenylhydrazone  of  a -ketoglutaric  acid  (Table  2.  5).  6.35  g  m-chloroanlline  was  diazotized 
and  coupled  with  the  sodium  derivative  prepared  from  11.5  g  a-acetoglutarlc  ester  in  conditions  similar  to  those 
employed  with  o-chloroaniline.  After  saponification  of  the  dark-red  oil,  9.75  g  (72.1^)  of  dark-brown  crystals 
was  isolated,  m.p.  166-168*.  The  crystals  were  readily  soluble  in  ethyl  and  methyl  alcohol,  ether,  acetone  and 
ethyl  acetate,  much  less  soluble  in  benzene  and  llgroin,  sparingly  soluble  in  water.  After  three  recrysullizatlons 
from  bOPjo  acetic  acid  in  presence  of  carbon,  the  dark-red  crystals  of  the  m-chlorophenylhydrazone  of  o-keto- 
glutaric  acid  melted  at  170-171*  with  decomposition  and  did  not  give  Bulow's  reaction. 

Found  N  10.32,  10.41;  equiv.  132.  133.  CaHa04N|Cl.  Calculated  N  10.37;  equiv.  135. 

p-Chlorophcnylhydrazone  of  a -ketoglutaric  acid  (Table  2,  6).  6.35  g  p<hloroaniline  was  diazotlzed 
and  coupled  with  the  sodium  derivative  prepared  from  11.5  g  a-acetoglutaric  ester  in  conditions  similar  to 
those  employed  for  o-chloroarilire.  The  reaction  product  (  a  dark-red  oil)  was  saponified  with  50  ml  25flfc 
alcoholic  potash  by  heatL'tg  on  the  water  bath  for  5-6  hours.  Acldiflcatio.n  of  the  dilute  alkaline  solution  gave 
10  93  g  (81*^)  yellow  -pink  crystals  melting  at  155-158*  and  not  giving  the  Bulow  reaction.  The  solubility  was 
extremely  gooo  in  acetone  and  ethyl  acetate,  good  in  ether,  ethyl  and  methyl  alcohols,  hot  acetic  acid  and 
boiling  water:  the  product  was  insoluble  in  benzene.  After  two  recry>cxliizations  from  boiling  water  in  presence 
of  carbon,  the  bright-yellow  heavy  cr)Stals  of  the  p-chlo»opherylhydrazone  of  a -ketoglutaric  acid  melted  at 
166*  with  decomposition. 

Found  %  N  10  26.  10.55;  equiv.  129.  133.  CjiHaO^NiCl.  Calculated  Ifc:  N  10.3  i;  equiv.  135. 

o-Carboxyphenylhydrazo->e  of  diethyl  g-ketoglutarare  (Table  2;  7).  4.35  g  anthranilic  acid  was  mixed 
with  35  ml  hot  water  to  which  was  added  14  ml  concentrated  hydrochloric  acid.  The  hydrochloritb. cooled  to 
■”5*.  was  diazotlzed  with  20*5t  sodium  nitrite  solution  (1.83  g  ir  8  ml  water).  Diazotization  was  continued  for 
20  minutes,  after  which  the  solution  was  kept  in  a  freezing  mixture  for  another  30  minutes  (the  excess  of  hydrochloric 
acid  was  not  removed)  and  then  transferred  in  a  thin  stream  ir*to  a  cooled  solution  of  the  sodium  derivative  of 
a-acetoglutaric  ester  with  vigorous  stirring.  The  sodium  derivative  was  prepared  from  5.8  ge>ter.  1.7  g  sodium 
and  30  ml  absolute  alcohol.  Mixing  of  the  solutions  caused  a  ycl>ow  emulsion  to  be  formed,  followed  by  separaiioo 
of  orange -colored  oily  drops  a'^xJ,  finally,  by  s  thick,  dark  -red  oil.  the  odor  of  ethyl  acetate  was  perceptible  After 
40  minutes  stirring,  addition  was  made  to  the  mixture  of  10  ^  NaOH  solution  u-tll  the  reaction  was  neutral,  and 
stirring  was  cortLnued  for  another  40  minutes.  The  dark  red  oil  was  extracted  with  ether  and  kept  at  room  *em per ature, 
after  two  days  it  had  solidified  bit  no  crystals  were  observed.  The  solid  red  mass,  apparently  a  sodium  salt  (combined 
at  the  nuclear  CCX)H  group)  wa.s  heated  with  a  small  amount  (5  ml)  dilute  acetic  acid.  This  again  converted  it 
into  a  red  oil.  The  latter  was  separated  from  the  arctic  acid  a^d  uiturated  with  cold  ethyl  alcohol  (10-15  ml)  k 
then  solidified  to  a  light -yellow,  finely  granular  mass  which  was  draired.  washed  with  water  a-d  dried.  Weight 
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4.78  g  ibn)  m.p  101-104-.  positi-e  Balow  reaction.  The  solubility  of  the  crysuh  was  good  in  alcohol,  acetone, 
acetic  acid  ar,d  ligroin  (frooi  the  latter  they  separated  in  the  form  of  lustrous.  pL'kish  needle^,  moderate  m 
ether,  and  poor  ir.  benzene.  After  recrystallization  from  aqueous  alcohol,  the  very  slighUy  pink  needles  melted 
at  104-105*  without  dccomposinor. 

Found  ‘Jc  N  8.0S.  8.44,  cquiv  333.  331.  Calculated  N  8.33:  cquiv.  335. 

o  Carbon  vpherylhvdra^o^e  of  a  ketoglutaric  acid  (Table  2.  7a).  3.35  g  ester  (m.p.  104*105*)  after 
saponification  with  10^  aqueous  alcoholic  solution  of  sodium  hydroxide  gave  2.52  g  (SO*^)  yellowish-pink 
crystal:  of  the  o-carboxyphenylhydrazonc  of  a  ketoglutaric  acid,  meltirg  at  220-222  .  The  crystals  gave  a 
positive  Eulow  reaction  Tee  product  was  insoluble  in  water  and  very  sparingly  soluble  in  organic  solvents 
(alcohol,  ether,  ethyl  acetate,  benzene,  acetone). 

A^ter  several  precipitations  with  water  from  solution  in  acetic  acid,  the  substance  melted  at  225 
with  decomposition. 

Found  ‘Jfc:  9.87.  9.91:  equiv.  94.5.  94.9.  Calculated  N  10.00;  equiv.  93.4. 

The  composition  and  structure  of  the  compound  were  confirmed  by  transformation  into  an  indole  derivative 
which  proved  to  be  identical  with  the  t.dole  derivative  prepared  from  the  o-carboxyphenylhydrazonc  of  dieihyl-«- 
ketoglutarate. 

p  Nitropne'ylh^'drazo’^'e  of  diethyl  a  ketoglutarate  (Table  2.  8).  6.90  g  p-nitroaniline  was  diazotized  and 
after  removal  of  the  n>’d'’ochioric  acid  with  sodium  acetate  it  was  coupled  with  the  sodium  derivative  of  o-aceto- 
glutaric  ester  prepared  from  11.5  g  ester,  1.15  g  sodium  and  30  ml  alcohol  absolute,  cooled  with  ice  and  salt. 

10  ^  sodium  hydroxide  was  stir’ed  into  the  solution  until  neutral  to  litmus.  Stirring  was  continued  for  an  hour 
(until  the  diazo  reaction  was  negative).  The  odor  of  ethyl  acetate  was  given  off.  The  dark-red  oil  was  separated, 
washed  with  water  and  allowed  to  stand.  ;t  did  not  crystallize  and  was  thersfcie  heated  for  10-15  minutes  with 
20  ml  10^  alcoholic  solutio-i  of  hydrochloric  acid.  On  cooling,  the  oil  then  formed  a  dark-red  crystalline  mass. 

The  crystals  were  triturated  in  a  mortar  with  a  small 'amount  of  ethyl  acetate,  drained,  and  washed  on  the  filter 
with  small  portions  of  ethyl  acetate.  Weight  of  crystals  14.54  g  (87‘>S>).  M.p,  131-134*.  The  solubility  of  the 
oystah  was  good  r  hot  acetic  ac*d  and  hot  alcohol,  moderate  in  ethyl  acetate,  poor  in  ether  and  benzene.  After 
two  recrystallizations  from  acetic  acid  and  then  from  absolute  alcohol,  the  bright-yellow,  slender  needlets  of 
the  p-nitrophenylhydrazone  of  diethyl  a  -ketoglutarate  melted  at  137*  and  did  not  give  Billow  reaction. 

Found  ‘St  N  12  31.  12.23.  Calculated  N  12.46. 

p  Sulfopherylhydrazone  of  a -ketoglutaric  acid  (trlsodium  salt;  Table  2.  9)  To  5.8  g  sodium  sulfanilate 
dissolved  in  50  ml  hot  water  was  added  14  ml  concentrated  hydrochloric  acid,  portionwise  addition  was  then  made 
at  “3‘  totne  liquid.  contaLning  crystals  of  hydrochloride  of  a  solution  of  :odium  nitrite  (1.8  g  ntrite  in  8  ml  water). 
At  the  expiration  of  20  minutes,  when  the  diazotization  was  complete,  the  crystals  of  diazosulfonate  were  quickly 
drained,  washed  with  ice  water,  stirred  into  50  ml  cold  water  and  i'.troduced  m  small  portions  Into  the  sodium 
derivative  prepared  from  5.75  g  a-acetoglutaric  ester,  0.57  g  sodium  and  15  ml  absolute  alcohol.  After  a  period 
of  30  mfutes  from  the  start  of  the  stirring  in,  the  coupli’^g  was  completed,  the  beaker  contents  consisted  of  a 
tran.sparert,  dark  ted  solution.  This  was  filtered  and  evaporated  o"  a  water  bath.  The  residue  of  viscous,  red  oil 
was  stured  wrh  30  ml  ethyl  alcohol  and  sodium  hydroxide  (2  g  8  ml  water).  Orange  crystals  of  salt  came  down 
after  a  few  minutes  a-'d  were  drained  and  dried.  Weight  7,0  g.  Evaporation  of  the  filtrate  gave  another  2.1  g 
light-ora  ge  cry  uls  Hervre  the  total  yield  was  9.1  g  (95.3  ‘5c).  The  solubility  of  the  crystals  u  excellent  in 
water,  moderate  ir*  aqueous  alcohol  and  nil  in  organic  vlvcnts  (benzene,  ligroln,  ethyl  acetate,  acetone).  The 
subita'ce  crystallized  from  aqueous  alconol  in  The  form  of  yellow  needlets  with  a  tinge  of  pink,  not  containing 
water  of  cry  stallization  a~d  rx)t  giving  the  Buiow  reaction.  A  test  for  sulfur  gave  a  positive  reaction. 

Pou'.d^  N  7.02  7.09.  Nia  17.C5  17.81.  Ci.HANtSNa,.  Calculated ‘5t:  N  7.33;  Na  18.06. 

a  ^aph.thylhydrazone  of  a -acetoglutarlc  acid  (Table  2.  10).  A  mixture  of  2  86  g  a -naphthylaroine. 
lie  ml  water  a-d  12  .ml  co.'-ce’-tra’cd  hydrochloric  acid  in  a  porcelain  beaker  was  gently  heated  (until  all 
was  di>:o:ved)  a'd  tnen  placed  n  a  freezing  mixture;  at  a  temperature  of  0  to  +4*  it  was  diazotized  with 
sodium  nitnte  solution  (1.4  g  ••trite  ;r  6  ml  water).  After  10  mr-utes  from  the  completion  of  diazotization. 
addition  was  made  to  the  diazo  solution  of  the  sodium  compound  prepared  from  4.6  g  a -acetoglutanc  ester. 

0  46  g  sodium  and  15  ml  ;>bsolute  alcohol.  Dropwise  addition  was  then  made  to  the  reacuon  mixture  of  a 
cooled  ID'S*  aqueous  solut»n  of  sodium  hydroxide  until  reutral  to  litmus.  Coupling  was  completed  in  an  hour. 

The  ted-violet  oil  was  extracted  wim  ether  the  ether  was  du*iUed  off  and  the  residue  of  oil  was  saponified  with 
aqueous  alcorohe  solution  of  poTa:s;um  hydroxide  (25  ml).  After  heating  for  two  hours,  addition  was  made 
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to  the  flask  of  water,  and  the  alcohol  was  disfllcd  off.  The  cooled  solution  was  exnacted  with  ether  to  remove 
neutral  impurities  and  tfie  solution  was  then  diluted  20  times  witfi  water,  cooled  and  acidified  with  hydro¬ 
chloric  acid.  The  brownish  flocs  of  the  a-naphthylhydrazone  of  a -ketoglutaric  acid  v.eie  washed  on  the  filter 
with  water  and  dried  in  a  vacuum-desiccator  (since  they  darkened  in  the  air).  Weight  2.7  g  {412^),  m.p  153-158*. 

The  compound  showed  good  solubility  in  acetic  acid,  alcohol,  ethyl  acetate  and  acetone:  modcratt 
solubility  in  ether  in  the  cold;  poor  solubility  in  benzene  and  llgroin.  When  the  amorphous,  brownish  powder  was 
heated  with  acetic  acid,  it  changed  into  crystals.  The  laner.  however,  were  difficult  to  purify  Repeated  recry¬ 
stallization  from  glacial  acetic  aeid  and  then  from  50^  alcohol  with  addition  of  carbon  gave  light  •orange  thin 
plates  melting  at  170  with  decomposition.  A  green  color  was  produced  with  potassium  bichromate  and  strong 
sulfuric  acid. 

Found  N  9.59,  9.54;  equiv.  139.  141.  CnHuOt'fh  Calculated  N  9  79:  equiv.  143 

B-Naphthylhydrazcre  of  a -ketoglutaric  acid  (Table  2;  11>.  The  duzo  solution  from  3.C  g  fl -naphthylamme. 
after  elun nation  of  excess  hydrochloric  acid  with  sodium  acetate,  was  added  to  the  sodium  compou"d  prepared  from 
5.75  g  a-acetoglutaric  ester.  The  viscous,  bright-red  oil  resulting  from  coupling  was  saponified  In  conditiors  similar 
to  those  applied  in  the  saponification  of  the  azo  ester  from  a-r.aphthylamioe  Yield  2.4  g  (33  \%  of  the  fl-naph- 

thylhydtazone  of  a -ketoglutaric  acid  In  the  form  of  a  dark -colored,  amorphous  powder,  decomposirg  at  140-144*. 

The  product  has  good  solubility  in  ethyl  and  methyl  alcohols,  ethyl  acetate,  acetic  acid  and  acetone,  moderate 
solubility  in  ligroin  and  hot  benzene,  poor  sclubllity  in  ether  It  is  extremely  difficult  to  purify,  however.  After 
repeated  recrystallization  from  alcohol  with  addition  of  carbon,  and  then  from  acetic  acid  and  llgroin,  the  0- 
naphthylhydrazoi'ie  was  in  the  form  of  a  light-brown,  amorphous  powder,  decomposing  when  heated  to  150*. 

^  Found N  9  53,  9.61;  equiv  138.  141  Calculated  <5^.  N  9  79.  equiv.  143 

Diethyl  ester  of  a -(4-sulfonaphthyl-l-azo)-<x-acetoglutaric  acid  (sodium  salt'  Table  2;  12). _  5. 6  g  naphthionic 
acid  was  dissolved  in  aqueous  sodium  carbonate  (2.8  g  carbonate  in  50  ml  water).  To  the  solutio.!  was  added  12  ml 
concentrated  hydrochloric  acid  (1.19)  and.  at  “2*.  a  sodium  nitrite  solution  (1.8  g  niuite  in  8  ml  water),  a  yellow 
paste  of  diazosulfonate  was  formed.  This  was  dramed,  was.hed  with  Ice  water,  mixed  with  50  ml  ice  water  and 
introduced,  with  rapid  sturing,  into  a  cooled  (ice-salt)  sodium  compound  prepared  from  5.75  g  a  -acetoglutaiic 
ester.  0.57  g  sodium  and  15' ml  absolute  alcohol. 

Mixing  of  the  solutions  at  first  gave  a  reddish-orange  emulslcn  which  quickly  diuppeared.  coupling  was 
complete  after  40  minutes  The  reddish-brown,  transparent  liquid,  containirg  the  product  of  reaction,  was  filtered 
and  evaporated  on  the  water  bath.  Trituration  of  the  residual  reddish-brown  oil  with  absolute  alcohol  caused  the 
product  to  separate  in  the  form  of  a  dark-rose  powder.  Weight  9  3  g  (78  5^).  Thu  product  did  not  melt,  it  was 
moderately  soluble  on  heating  in  ediyl  alcohol  (aqueous)  and  in  methyl  alcohol,  readily  soluble  in  water,  insoluble 
in  ethyl  acetate,  benzene,  acetone  and  ligroin  It  consisted  of  the  aodiim  salt  of  the  azo  ester. 

Foiurd  'Jfc;  N  5  44.  5  G8.  Na  4  38.  4  32  CjiHjjOjNjSNa.  Calculated  N  5  76.  Na  4.73. 

4-Sulfonaphthyl-14iydra20ne  of  a -ketoglutaric  acid  (monopotassiu.Ti  salt.  Table  2.  12a)  4.86  g  of  the 

above -described  ,  azo  e>ter  was  heated  for  one  hour  on  a  water  bath  with  25  ml  20  ^  alcoholic  potash.  After 
additi.on  of  water  and  removal  of  the  alcohol,  the  cooled  solution  was  acidified  with  dilute  hydrochloric  acid. 

Fine  yellow,  lustrous  crystals  came  down  after  5  minutes.  Weight  3.7  g  (91  4‘?»)  The  substance  has  good  solubility 
in  ace  tic  acid  and  poor  solubility  In  acetone,  benzene  and  ethyl  acetate  After  recrystallization  from  water  (with 
carbon)  and  then  from  aqueous  alcohol  the  4-potassium  sulfonaphthyl-l-hydtazooe  formed  brigh* -yellow,  infusible 
needles  imparting  a  violet  color  to  the  nonluminous  flame  of  a  burner  a''d  leavir-g  a  mineral  residue  after  burning 
On  carrying  Out  the  >aporification  with  sodium  hydroxide,  the  saponification  product  did  not  give  a  precipitate  with 
hydrochloric  acid.  O"  the  other  hand,  or  adding  to  the  alkaline  solution,  after  saponification  wi»h  sodium  hydroxide, 
a  solution  of  potassium  hydroxide,  a  precipiiate  again  ^ailed  to  come.  down,  but  acidification  of  the  laner  solution 
with  hydrochloric  acid  led  to  separatior  of  the  same  lustrous,  bronze  <olored.  scaly  crystals  of  the  mc»‘opotassium 
salt.  The  test  for  sulfur  gave  a  positive  reaction 

Found  N  C  77,  6  63.  K  9  41.  9  37;  eqjiv  197.  199  C^sHi/DyNiSK  Calculated  N’  6  91.  K  9  65; 

equiv.  202 

11  6  <rya'toc*h>lacetoacetic  Ester  —Some  Products  of  Its  Azo  Coupling  (Table  3) 

The  initial  0-cyaix)eihylacetoaceiic  ester  was  synthesized  in  77^  yield  by  condeusation  of  etnylaceto- 
acetate  with  6-chlorcpropionltrile  p9]  arxl  had  the  constants:  b  p  (13  mm)  156*.  (27  mm)  lO't-167  1  0<.5. 

d”  1.0705,  1  44  74  MRq  45  71.  calculated  for  tnc  kero  form  45  37  for  the  enol  form  40  42 

0-C^TX>ett:ylaceioacetic  ester  was  azocoupled  with  anilL'c  ard  p-nitroanilire. 
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Phe-ylhvirazorc  of  the  ethyl  ester  of  C-cvanomethvlgvn.tartar)c  acid  (Fable  3,  Ij.  S.3  g  aniline  was 
diazoiized  in  the  usual  man-er  with  sodiuin  nitrite  in  prcserce^f  hydrochloric  acid;  the  acid  was  removed  by 
adding  solid  sodium  acetate  and  the  diazo  solution  was  poured  Lrto  5  -cyanoethylacetoacetic  ester  (18.o  g) 
placed  in  a  freezing  mixture.  Witn  vigorous  stuiing,  dropwise  addition  was  ther.  made  from  a  dropping  funnel 
of  a  cooled  10  ^  aqueous  solution  of  sodium  hydroxide  urtil  the  reaction  was  neutral  to  litmus.  The  end  of  tbc 
reaction  was  signalized  by  the  absence  of  free  diazo  compound  (6-naphthol  test)  which  usually  required  40-60 
mir.uies  stirring.  The  dark-red  oil  was  separated  from  the  aqueous  liquor,  washed  with  water,  stirred  with  50  ml 
ethyl  alcobol  and  left  xr.  2''  open  beaker  at  room  temperature.  After  3  days  it  crystallized  in  dense,  light-orange 
crystals  the  crysr  allization  process  wa*  accompanied  by  ^  separation  (detected  by  odor  )  of  acetic  acid  (cleavage 
of  the  CHjCO  group)  The  crystals  of  the  phenylhydrazone  of  the  ethyl  ester  of  fl-cyar.omethylpyrotartarlc  acid 
were  drained  wasned  with  ether  and  dried  Weignt  24.01  g  (98^).  After  recrystallization  from  acetic  acid,  tfie 
pirJvv-yellow  crystals  meited  at  159*  and  gave  a  positive  Bulow  reaction. 

Found  v-  N  16  93  1  6  99.  Calculated  ‘Jfc:  17  14.  Keimatsu  and  Sugasawa.  who  were  ibe- 

firsi  to  prepare  and  describe  thi*  compou'td,  report  a  m.p.  of  155*  [29J  With  the  aim.  therefore,  of  obtaining 
fuller  confumatior;  of  the  nature  of  me  compound  prepared  by  us  as  the  phenylhydrazone  of  the  ethyl  ester  of 
fl-cyanom ethyl pvrotartaric  acid,  previously  described  by  Keimatsu  and  Sugasawa,  we  saponified  it  and  obtained 
the  anticipated  phe'ylhydrazo.ne  of  a -ketoglutaric  acid,  we  also  subjected  it  to  Fischer’s  indole  ringelosurc 
reaction  a'ld  retained  rnc  a*ticipated  ethyl  ester  of  2  carbeir.oxyindolyl-3-acctic  acid.  Consequently  conclusive 
evidence  has  been  obtained  ttiat  tnc  compound  melting  at  159*  is  the  phenylhydrazone  of  the  ethyl  ester  of 
8 -cya nomethyl pyTOtartaric  acid. 

2  45  g  phe"yln>dra20Pe  of  the  ethyl  ester  of  fl-cyar  omethylp>TOiartaric  acid  (m.p.  159*)  was  mixed  witii 
20  ml  aqueous  potassium  hydroxide  solution  ar>d  refluxed  on  the  water  bath  for  6  hours.  The  cooled  alkaline 
solution  was  diluted  with  water  ard  acidified  with  dilute  hydrochloric  acid.  On  standing  in  a  freezing  mixture, 
the  dark-red  crystals  of  me  acid  separated.  Weight  1.4  g.  m  p.  147-149*.  ACier  recrystallization  from  aqueous 
alcohol  and  trer  from  ethyl  acetate,  the  jight-yellow  crystals  melted  at  152-163*  with  decomposition.  A  mixtoie 
with  Our  previous  preparation  of  the  prenylhydrazo.oe  of  a  -ketoglutaric  acid  (m  p.  152-153*)  did  not  suffer  a 
depression  of  meUmg  point 

p-N’itrophenylhydrazone  of  the  ethyl  ester  of  fl-cyanomethylp>TOtartaric  acid  (Table  3.  2)..  3.45  g  pHiiiro- 
aniline  was  diazoiized  in  the  usual  manner.  The  inorganic  acid  (HCl)  was  removed  with  sodium  acetate,  and  the 
diazo  solution  was  then  introduced  into  the  cooled  sodium  derivative  of  8 -cyanoethylacetoacetic  ester  (4.6  g 
ester,  0  6  g  Va  and  20  ml  absolute  ethyl  alcohol).  Dropwise  addition  was  made  with  stirring  of  a  10*^  aqueous 
solution  of  sodium  hydroxide  until  neutral.  The  oil  was  extracted  with  ether,  and  after  the  lapse  of  two  days 
when  the  solvent  had  evaporated,  it  crystallized  In  orange  crystalsi  weight  7.1  g  (OS*}®),  m.p.  154-156*;  the 
solubility  of  the  crvsQ  Is  is  good  in  ethyl  alcohol,  acetic  acid,  ethyl  acetate  and  acetone  After  recrystallizatioo 
from  acetic  acid  and  tlien  from  alcohol,  the  light-brown  needles  (in  clusters)  melted  at  158*. 

Found  ‘S,.  N  18  60.  18.58.  CalruUted  N  18.65. 

in  Ethyl  Fs^er  of  y  > -Diacetobutyric  Acid  and  Some  Products  of  Its  Azo  Coupling 

Thu  ester  was  sy'nthesized  from  ethyl  8  -chloropropionate  and  acetylacetone  by  the  procedure  of  Nlarsch 
[30]  as  simplified  by  us  To  some  cooled  sodium  emylate  (11.5  g  Nh  ad  ICO  ml  absolute  alcohol),  contained  in 
a  round -bottomed  flask  fitted  with  a  reflux  condenser,  was  added  150  g  freshly  distilled  acetylacetone.  followed 
a  few  minutes  later  by  08  g  eihvl  d-cnloropropior.ate  The  mixture  was  heated  on  a  water  bath  for  ^  hours 
unnl  the  reaction  was  over  (absence  of  alkaline  reaction).  After  distilling  off  the  alcohol  the  flask  contents  were 
agitated  wqh  200  ml  cold  water  tl,e  reaction  product  (  a  yellow  oil)  was  separated,  the  aqueous  solution  was 
extracted  with  ether  arxl  trie  extract  added  to  the  oil  The  ethereal  solution  was  dried  with  anhydrous  sodium 
sulfate.  After  dis'ilhng  off  the  solvent,  the  oil  was  fractionated  in  vacuum.  A  fraction  was  collected  which 
boiled  at  153-154  (19  mm)  or  at  178*  (43  ram)  or  at  182*  (48  mm)  [30].  Yield  of  twice-disUlled  ester  67  g 
(67  The  literature  reports  a  50<^  yield  [30]. 


The  so-prepa-ed  ethyl  esre'  ot  >  y -ducetobut>7ic  acid  had  the  constants.  d{|  1  0668.  d^*  1.0657; 
“D  '  -*328.  VR£)  50  44  calculated  for  the  keto  form  50  16  for  the  enol  form  51.16. 

Azo  couplmg  of  this  cs*er  was  performed  with  aniline,  o-.  m-  ard  p-toludidncsarxJ  p-nitroaniline. 


In  the  case  of  aniline  and  the  three  toluidines,  the  products  of  azo  coupling  ""the  7-arylnydrazones  of  the  • 
ethyl  ester  of  6  “Pyruvyl propionic  acid  (caipUng  takes  place  with  cleavage  of  the  acetyl  group)  —are  arooii^us 
and  could  only  be  cnaracterized  after  saponification  to  ^  correspondir^  carboxylic  ackls  (Table  3:  3  to  6);  but 
in  the  case  of  p-mtroaniline  die  product  of  coupling  “tne  /-{p-nitropfcenylhydtazone)  of  the  ethyl  ester  of 
8-pyruvylpropionic  acid  -was  cr>$talline  with  ra.p.  132*  (Table  3;  7). 

In  the  conditions  of  Fischer’s  reaction,  (heating  with  sulfuric  acid  solution),  these  atylhydrazones 
apparently  undergo  closure  of  the  indole  ring  in  the  normal  maiuier:  witii  separation  of  ammonium  sulfate,  there 
are  formed  water*insoluble,  amorphous  products  whose  purification  and  closer  characterization,  however,  could 
not  be  undertaken  by  usl 

y-Fhenylhydrazope  of  fl -pyruvyl propionic  acid  (Table  3;  31.  4.7  g  aniline  was  diazotized  in  the  usual 
manner.  The  excess  of  hydrochloric  acid  was  removed  with  solid  sodium  acetate;  the  diazc  solution  was  gradually 
introduced  into  the  sodium  derivative  of  y.yduceiobutyric  acid  ethyl  ester  (in  a  freezing  mixture  of  snow  and 
salt)  prepared  from  10  g  ester.  1.15  g  sodium  and  20  ml  absolute  ethyl  alcohol.  Whet  the  solutions  were  mixed, 
a  dark-red  oil  was  formed  and  the  odor  of  ediyl  acetate  was  gives  off.  The  oil  was  saponified  with  50  ml  lO'Jt 
alcoholic  aqueous  solution  of  sodium  hydroxide  by  heating  on  tbc  water  bath  for  3v  minutes.  After  addition  of 
water  and  distillation  of  the  alcohol,  the  neutral  impurities  were  extracted  with  e&et  and  die  cooled  alkaline 
solution  was  acidified  with  dilute  hydrochloric  acid.  The  precipitated  light-brown  crystals  were  washed  and 
kept  in  a  desiccator.  Weight  10.5  g  (£0  1^).  m.p.  163-166*  without  decomposition  Very  good  solubility  in 
ethyl  and  methyl  alcohol,  ethyl  acetate  and  acetone,  good  solubility  in  acetic  acid  and  ether,  moderate  solubility 
in  hot  ligroin  atxl  hot  benzene.  After  3  recxystallizations  from  eth'.,!  alcohol,  tne  light-yellow,  slender  needles 
melted  at  173-174*  and  gave  a  pronounced  Bulow  reaction. 

Found  N  11.96,  11.84:  equiv.  232.  231,  CnHuP,!^.  CalcaUted  flk:  N  11.96;  equiv.  234. 

2.34  g  phenylhydrazone  with  in.p.  173-174*  was  dissolved  in  25  ml  50^  alcoholic  solution  of  sulfuric  acid 
and  refluxed  for  20  hours  (until  the  Below  reaction  was  negative).  The  mixture  darkened  and  toward  the  end  of 
the  reaction  it  had  a  dark-brown  color.  Under  cooling,  the  precipitate  of  amiixinium  sulfate  was  drained  off 
at  tlie  pump  and  the  filtrate  poured  into  ice  water;  the  precipitated  annorphous  dark -brown  i.'^dole  derivative 
(weight  1.82  g)  had  excrllent  solubility  in  alcohol,  ether,  ethyl  aceure  and  acetone,  it  was  insoluble  In  benzene 
or  petroleum  ether.  Repeated  efToru  to  bring  it  into  a  chemically  pure  form  were  in  vain. 

Y-{o-.  m-,  p-Tolylhydrazones  )  of  8 -pyruvyl propionic  acid  (Table  3.  4  to  6).  2.7  go-,  m-,  p-toluidinet 
were  diazotized  as  in  the  previously  described  case  of  aniline  (hydrochioric  acid  eliminated  with  sodium  acetate) 
and  coupled  (in  each  individual  case)  with  the  sodium  derivative  prepared  feom  5  g  y  .y-diacetobutyrlc  ester. 

2.3  g  sodium  (0.1  g*atom  instead  of  0.025  g-atom)  and  50  ml  absolute  alcohol.  When  the  solutions  made  contact, 
the  odo*  of  ethyl  acetate  was  detected  and  a  dark-red.  viscous  oil  was  formed  The  oil  was  saponified  by  heating 
with  10  ‘55*  aqueous  alcoholic  sodium  hydroxide,  the  precipitated  Na  s*li  of  the  hydrazonc-acid  was  separated 
(poor  solubility  in  cold  water),  washed  with  alcohol,  dissolved  ip  warm  water  and  acidified  with  5^  hydiochloric 
acid.  In  all  cases  yellow  cr^"tals  with  the  same  outward  appearaisre  came  down,  tlicy  had  good  solubility  in  acetic 
acid,  methyl  and  ethyl  alcohols,  ethyl  acetate,  acetone,  and  Iigroin  when  heated. 

The  o-isomer  gave  4.5  g  crystals  (72.4^)  with  m.p.  145-147*.  After  recrystallization  from  ligroin  and 
then  from  alcohol,  the  btight-yellow  needles  melted  at  150*  and  gave  a  marked  Bulow  reaction. 

Found  ‘Jt:  N  11  IS.  11.12.  equiv.  246.  248.  CuHj^N,  Calculated  Ifc;  N  11.29;  equiv  250. 

The  yield  of  crude  product  from  m-toluidinc  was  5.3  g  (85  5^)  with  m.p.  149-153  .  After  recrystallization 
from  acetic  acid  or  alcohol,  the  product  was  in  the  form  of  small,  ligr.t-yellow  needles  and  melted  at  155  . 

Bulow  reaction  negative. 

Found  N  11.09.  11.21.  equiv.  248.247.  Calculated  N  11.29,  equiv.  250. 

p-Toluidine  gave  5  g  of  product  (80  6^)  with  m.p  162-165*  After  recry sullization  from  alcohol,  the 
p-tolylhydrazone  formed  slender,  yellow  needles  meltmg  at  167*  and  negative  to  the  Bulow  reaction. 

Found ‘Jfc:  N  11  14.  11.07.  equiv.  247.  244  CuHj^OjN,  Calculated  V-  N  11.29.  equiv.  250 

Attempts  to  cyclize  these  arylhydrazoocs  to  the  indole  derivatives  by  heating  with  alcoholic  sulfuric  acid, 
as  indicated  above,  ended  in  failure  due  to  the  difficulty  of  purifying  the  reaction  products  which  were  assumed 
to  be  indole  derivatives. 
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y -^p-\’itrophenylhydTa2one)  of  the  ethyl  ester  of  5-pyruvylpropionic  acid  (lable  3i  7).  3.45  g  p-nitroanilioe 
was  oiazotized  in  the  usual  man“<er,  the  hydrochloiic  acid  was  reipoved  with  sodium  acetate.  The  cooled  diazo 
solution  was  brought  into  a  solutio'’  of  5  g  y  y  -diacetobutyric  ester  in  20  ml  alcohol.  Into  the  mixture,  cooled 
externally  with  snow  and  salt,  with  rapid  operation  of  the  stirrer  was  iiitroduced  dropwise  a  10  aqueous  solution 
of  sodium  hydroxide  until  the  reaction  was  neutral  to  litmus.  Stirring  was  continued  for  an  hour  (until  the  diazo 
reaction  was  negative)  The  condensation  product  ”a  dark-red  oil  —was  separated  and  washed  with  water,  residual 
oil  was  extracted  with  ether  and  added  to  the  main  bulk  the  ediereal  solution  was  left  to  evaporate  at  room 
temperature.  After  two  days  the  oil  crystallized  completely.  The  crystals  were  washed  with  ether  and  dried. 

Weight  n.O  g  ( S4  of  the  thec-etical).  m.p.  126-130*.  The  solubility  of  the  substance  was  good  in  acetic  acid, 
ethyl  acetate  and  ethyl  and  methyl  alcohols,  moderate  in  ligroin  and  benzene.  After  recrystallization  from  ethyl 
alcohol  and  then  from  ethyl  acetate,  the  p-nitrcphenylhydrazone  of  the  ethyl  ester  of  0-pyruvylpropionic  acid 
formed  orange  needles  meltir.g  at  132*  without  decomposition. 

Found  ‘St  N  13  04.  12.96.  C.^HitO^Nj.  Calculated  ‘Jt:  N  13.21. 

The  nUrophenylhydtazor»e  (m.p  132*)  was  heated  with  50*?)  alcoholic  sulfuiic  acid  and  the  ammonium 
sulfate  precipitate  was  separated  The  filtrate  was  poured  ir.to  water  and  gave  a  brown,  amorphous  precipitate, 
readily  soluble  in  the  majority  of  organic  solvents.  It  was  impossible,  however,  to  bring  it  into  the  chemically 
pure  form. 

Coupling  of  a  carfacthoxyplutaric  ester  with  phenyldiazonium  (Table  3;  8).  2.32  g  aniline  was  diazotized 
and  brought  into  the  cooled  sodium  derivative  of  o-carbcthoxyglutaric  ester  (0.5  g  ester,  0.58  g  Na  and  20  ml 
absolute  alcohol)  After  stirririg  for  ten  minutes,  dropwise  addition  was  made  of  10*7  laOH  solution  until  the 
reaction  was  weakly  alkaline.  Stirring  was  continued  for  40-50  minutes.  The  dark-red  oily  product  of  coupling 
was  saponified  with  25*50  alcoholic  potassium  hydroxide  for  20-24  hours.  Water  was  then  added  and  the  alcohol 
distilled  off  After  removal  of  the  ether  and  the  neutral  impurities,  the  solution  was  carefully  acidified  with 
dilute  hydrochloric  acid,  the  precipitated  crystals  were  washed  and  dried.  Weight  2.90  g  (49.1*70),  m.p.  145-149*. 
After  rec.'ystalliz  ation  from  ethyl  alcohol  (with  carbon),  the  light -yellow  crystals  of  the  phenylhydrazone  of 
a-kctoglutatic  acid  melted  at  152-153*.  it  did  not  depress  the  m  p  of  a  preparation  obtained  by  azo  coupling 
of  o-acetoglutaric  ester. 

Found  *70  N  11  75.  11  68  C.jH^O^N,.  Calculated  *Jfc:  N11.8G. 

SUMMARY 

1  A  study  was  made  of  the  coupling  of  o-acetoglutaric,  y.y -diacetobutyric,  o-carbethoxyglutaric  and 
6-cyanoethylacctoacetic  esters  with  various  aryldiazoniums.  it  was  established  that  the  reaction  products  are  dark-red 
,ily  substances  which  in  the  majority  of  cases  do  not  crystallize,  they  are  azo  esters  which  change  into  the  aryldiazo- 
nicin?  when  treated  with  caustic  alkali. 

1.  'P.ie  greatest  activity  in  the  coupling  reactions  is  manifested  by  fl-cyanoethylacetoacetlc  ester  and 
**-<'''e*.i?qlntar*c  ester,  considerations  about  the  probable  cause  of  this  behavior  are  advanced. 

3.  H>'drolysu  of  the  ^  C-C  bond  proceeds  with  maximum  ease  in  the  case  of  azo  esters  formed  by 
the  more  active  azo  and  diazo  components. 
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CONDENSATION  OF  *r-l-METHOXY  TETRAH  YDRONaPHT  HALENE 
WITH  FATTY  ACID  CHLORIDES 

S.  I.  Serglev8k»y»  and  A.  A.  Kropacbeva 

For  the  preparaaon  of  (ar-l-hydroxytetrahydronaphthyI-4) -alkyl  ketones  (HOC^^i^OR;  R  ^  alkyl)  one  of 
ns  [1)  previously  made  use  of  the  Fries  rearrangement  of  ax-l-acyltetraloh:  it  was  then  fouisd  that  the  reaction 
yields  a  mixture  of  ar*l,2-  and  ar-l,4'bydroxy  ketones  in  which  the  ar-l,2^.$omer  greatly  luedominates:  with 
increasing  size  of  the  acyl  residue,  the  yield  of  (ar-l-hydioxytei:ahydroraphthyi-4)-alkyl  ketones  sharply  decreases. 

On  the  basis  of  literature  data  p)  it  could  be  assumed  that  in  the  conden^tion  of  ar-l*alkoxytetrahydit>* 
naphthalenes  with  acid  chlorides  in  presence  of  alumirsum  chloride,  me  acyl  group  would  be  directed  preferentially 
to  the  4-position  of  the  ring,  and  this  route  would  offer  the  possibility  of  preparing  (ar-l-alkoxytetrahydtortaplithyl-4)- 
alkyl  ketones  and  from  them  the  corresponding  hydroxy  ketones  in  satisfactory  yield.  In  this  investigation  we  carried 
out  a  series  of  experiments  on  the  condersation  of  ar-l-methoxytetrahydronaphthalene  with  chlorides  of  various 
fatty  acids  (acetic,  propionic,  butyric  and  palmitic);  in  this  sork,  ir.  accordance  with  expectation,  (ar-l-raethoxy- 
t'*irahydronaphthyl-4)-alkyl  ketones  were  ob!air4ed  Ln  yields  of  SC-SO'jkof  the  theoretkaL 

The  reaction  was  conducted  in  nitroberzene  solution  whh  coolLng.  Formation  of  the  isomeric  (ar-l-methoxy- 
tetrahydronaphthyl-2)-alkyl  ketones  was  not  observed.  The  reaction  was  accompanied  by  slight  tesinlfication  of  the  * 
materials  with  consequent  reduction  to  some  extent  of  the  yield  of  ketones. 

Difficulties  we.'C  encountered  in  spUttL''g  off  the  methoxyl  group  from  the  prepared  ketones.  The  application 
for  this  purpose  of  the  *isual  methods  of  dealkylation  (heating  witn  hydroge*'  halides)  led  to  reslnificatlon.  Moreover 
the  hydrolysis  of  the  methoxyl  group  appeared  to  be  accompanied  by  cleavage  of  the  acyl  group,  for  in  some  cases 
ar-l-tetralol  was  isolated  horn  me  resliiout  products. 

ITie  required  cbjectlve  was  reached  by  heating  the  methoxy  ketones  with  A1C1|  in  benzene  solution,  when 
(ar-l-hydroxytetrahydronai^thyl  4)-alkyl  ketores  were  obtained  in  a  yield  of  55-80*9)  of  the  theoreticaU  But  even  In 
these  conditions,  cleavage  of  the  acyl  group  was  sometimes  observed 

The  structure  of  the  (ar-l-hydroxytetrahydionaphthyl-4-)  a«ky!  keto^'cs  prepared  by  this  route,  and  consequently 
also  of  the  initial  methoxyteuahydronaphthyl-(alkyl  ketorev).  was  established  by  comparison  of  the  hydroxy  iietones 
with  the  (ar-l-hydroxytetrahydronaphthyl*4-)*alkyl  ketones  synthesized  by  the  Fries  reaction. 

The  physicochemical  and  chemical propertte*  of  the  (hyd rc> > retrah yd ronaphthyl)  alkyl  keror^es  prepared  by 
the  different  methods  jxoved  to  be  identical  a^ d  •'O  depression  was  observed  i'^  she  melting  psint  of  mived 
specimens. 

EXPERIMENTAL 

Ar-l-methoxytetrahydronaphthalcrc  was  prepared  by  ’wo  methods  1)  »y  the  action  of  dimemyl  sulfate  on 
ar-l-tetrahydronaphthol  n  an  aqueous  alkaline  medium  [2]  2)  by  ca'alytic  hydrogenatien  of  1  inethoxynarhihalene 
in  alcoholic  solution  in  presence  of  Raney  nickel  at  a  pressure  of  90  100  arm  and  a  temperature  of  130  (3J. 

(Ar-l-methoxytetrahydronaphthyl-4)-m  ethylt»eto-»e 

30  g  ar-l-methoxytetrahydrorsaFh’halcne  was  dissolved  in  240  ml  nitrobe"zene  and  addition  made  with 
cooling  and  stirring  of  14  5  g  acetyl  chloride  (2  yjk  excess)  kto  the  obtained  solution  at  0*  was  stirred,  over  a  period 
of  one  hour.  30  g  AlCl,  (50'9)  excess).  Stirri-«  was  continued  for  a'^mer  4  hours  and  the  mass  left  for  24  hours  at 
room  temperature,  after  which  the  reaction  mass  was  poured  into  a  mixtu»^e  of  tee  arJ  hydrochloric  acid  The 
nitrobenzene  and  ethereal  solutions  were  combmed.  the  ether  wa>  fi*sx  distilled  off,  and  then  the  nitrobenzene 
(xfiih  steam).  The  residue  after  disullation  of  the  nitrobenze  e  was  extracted  several  times  with  emer  The 
ether  extract  was  washed  with  5*9)  sodium  hydroxide,  then  witn  water  and  dried  with  sodium  sulfate.  The  ether 
was  driven  off  and  the  residue  dutiiled  in  vacuum,  b.p  14"  148  at  3  mm.  yield  26. 1  g  (82  09i  of  theory). 
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After  3.  second  distillation  the  b  p.  was  152-153*  at  5  lam.  Yield  24  5  g  (77.5^  of  theory). 

3  479  mg  substance:  9  755  mg^CC\.  2.498  mg  H,0.  4.444  mg  substance:  12.364  mg  CCX:  3.121  mg  1^0. 

Found  C  76  47.  75  87.  H  8.03.  7.86.  C^HiA  Calculated  <%:  C  76.43;  H  7.90. 

(Ar-l-hydroxytetrahydronaphthyl-4)-raeth  ylketone 

5  g  (ar-l-meihovytetrahydronaphthyl-4)-methyl  ketone  was  dissolved  in  200  ml  absolute  benzene.  To  die 
benzene  solution  was  added  10  g  AlCl,  The  reaction  liquid  was  heated  on  the  water  bath  at  the  boil  for  6  hours 
and  then  poured  into  dilute  hydrochloric  acid  and  ice  The  benzene  layer  was  separated.  The  aqueous  layer  was 
extracted  with  ether  and  the  ether  extract  combined  with  the  benzene  solution.  The  ether-benzene  solution  was 
washed  several  times  with  8*59  potassium  hydroxide  solution.  The  alkaline  solution  was  acidified  with  hydrochloric 
acid  (1:1).  The  precipitated  hydroxy  ketone  was  filtered  off  and  washed  with  water:  m.p.  154-155*.  Yield  3.8  g 
(82.i?5»  of  theory). 

A  melting  point  test  on  the  mixture  of  the  prepared  compound  with  a  specimen  of  (ar-l-hydroxytetra- 
hydtonaphthyl-4)-!nethyl  ketone  prepared  by'the  Fries  method  did  not  give  a  depression. 

( Ar-l-m  e  t  h  o  X  y  t  e  t  r  a  h  y^  r  o  n  a  ph  th  y  1 -4)  -e  t  h  y  1  ke  tone 

80  g  ar-1-methoxytetrahydronaphtha.lcne  was  dissolved  in  640  nil  dry  nitrobenzene  and  addition  was  made, 
with  cooling stirring,  of  CO  g  propionyl*chloride  (30?t  excess)  The  obtained  solution  was  cooled  and  addition 
was  made,  at  O^and  with  stirring  for  one  hour,  of  75  g  AlClj  (50*5^  excess).  Stirring  was  then  continued  for  4  hours, 
after  which  the  mass  was  left  at  room  temperature  for  24  hours  before  being  decomposed  in  the  usual  manner.  The 
nitrobenzene  layer  was  separated  and  die  aqueous  layer  extracted  with  ether  Tlie  combined  ethereal  and 
nitrobenzene  soluiions  were  washed  with  SFjo  sodium  hydroxide  solution  and  dien  with  water.  .The  ether  and 
nitrobenzene  were  distilled  off  the  latter  with  steam.  The  residue  was  extracted  with  ether.  The  ethereal  solution 
was  dried  with  sodium  sulfate,  the  ether  distilled  off.  and  the  residue  distilled  in  vacuum.  B  p  1C9-180*  at  10  mm. 
Yield  28  g  (7*5^  of  theory). 

A  second  distillation  gave  b.p  169-171*  at  10  mm.  Yield  26  g.  The  product  crystallized  on  standing: 
m.p.  36-37*. 

3.708  mg  substance:  10.432  mg  CO^:  2.785  mg  1^0.  Found  ^o:  C  76.72;  H  8,40.  *Ct4H||P^. 

Calculated  *5^:  C  77.02:  H  8.31. 

(^r-I-  hydroxytetrahyd ronaphthyl-4)-e thylketon^ 

5.5  g  (ar-l-methoxytetrahydronaphthyl-4)-ethylketo.ne  was  dissolved  in  100  ml  benzene  and  11  g  AlCI^ 
added:  the  reaction  mass  was  heated  for  5  hours  at  the  boil.  After  cooling,  the  reaction  mass  was  poured  into 
a  mixture  of  hydrochloric  acid  (1:1)  and  ice.  The  benzene  layer  was  separated,  and  the  aqueous  layer  extracted 
with  ether  The  ethereal -and  benzene  solutions  were  combined,  washed  with  water  and  shaken  several  times 
with  8*y»  potassium  hydroxide  solution;  the  solution  was  then  washed  with  water  again.  The  aqueous  solution  was 
combined  with  the  alkaline  one  and  the  aqueous-alkaline  solution  was  acidified  The  precipitate  was  filtered 
and  dried.  Yield  2.7  g  (55*70  of  theory);  m.p  152-153*. 

No  depression  was  Observed  in  a  melting  point  determination  on  a  mixture  of  this  compound  with  the 
(ar-l-hydroxytetrahydronaphthyl-4)-ethylketone  prepared  by  the  Fries  rearrangement. 

The  ether-benzene  solution  was  dried,  the  solvents  vrere  driven  off  and  the  residue  distilled  in  vacuum. 
Yield  1  2  g  with  b  p  118-120*  at  15  mm  This  b.p.  is  close  to  that  of  ar-l-methoxytetrahydronaphthalene. 

Ejeperiment  on  c  leavage  of  the  ii^sthoxyl  group  with  aid  of  1^'drogen  bromide 

2  g  (ar-l-methoxytetrahydronaphthyl)-ethylketone.  60  rhl  glacial  acetic  acid,  and  17  ml  hydrogen  bromide 
(■*8^)  were  headed  at  the  boil  for  3  hours,  after  which  the  reaction  mass  was  poured  on  to  ice  and  vforked  up  with 
edier  The  ether  extract  was  washed  several  times  with  potassium  hydroxide  solution,  the  alkaline  solution 
acidified,  and  the  resultant  precipitate  filtered  off  Yield  0.5  g  with  m.p.  63-65*. 

No  depression  was  observed  in  the  mixed  irtelting  test  with  ar-tctrahydroiuphthoL  * 
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into  a  ifcree-necked  fitted  with  a  rnechanical  stirrer  ard  a  side  tube,  was  introduced  21  6  g  ar-1- 
methoxytetrahy-dronaphthalene  dO^lved  in  180  ml  dry  nitrobenzene.  To  ihe  solution  cooled  with  Ice  and 
stirred,  was  added  14  g  butyryj  chioride.  followed  by  22  g  AlCl,  in  portions  over  a  period  of  if  hours. 

After  all  the  AlClj  had  been  ad  Jed.  the  stirring  was  continued  for  anetber  4  hours,  and  decomposition  effected 
as  usual  Further  working-up  waf  timiUr  to  that  in  the  preceding  cxpcrisicnts  on  the  co.ndensation  of  ar-1- 
irethoxytetrahydrocaphthalene  witn  acid  chlorides. 

A  substance  with  b.p.  at  13  mm  was  obtained,  yield  20  8  g  (67.9^  of  the  theoretical).  On 

pooling,  the  compound  solidified  to  a  buttery  mass. 

3.323  mg  substance:  9.4W  mg  CC^:  2.589  mg  H,0.  Fou'^d  ^  C  77.57;  H  8.71.  CuH,|C\. 

CalcuUted  C  77.55,  H8  o8. 

Ar-(  l-hydroxytetiahydror  aphthvl-4)-Dropyl  keioce 

11  g  ar-lmethoxytetiabydfonapnmyl  4  propylketore  was  diiscl%ed  m  20  ml  beri2er.e.  The  solution  was 
added  to  a  mixture  of  22  g  A1C1|  atd  l&O  ml  benzene  TFe  reacnc*';  rr^ass  was  heated  for  6  hours  at  the  boiling 
point  of  benzene  and  then  poured,  witt  cooling,  rtoa  mixture  of  tydrocfcloric  acid  (1  1)  and  ice  The  benzerie 
layer  was  separated  and  the  aquf  ooi  layer  extracted  with  ether  bc'zerc  and  ether  extracts  were  combined 
and  the  benzene  and  ether  wer^r  distilled  off  The  residue  was  dissolved  in  a  little  ether  and  the  ethereal 
solution  washed  several  timet  with  5-7^  poussium  hydroxide  solution  At  fust  the  alkaline  layer  was  deeply 
colored.  The  ethereal  solution  was  washed  with  water,  the  aqueous  so^stion  was  added  to  the  alkaline  solution, 
and  the  whole  acidified  with  hydrochloric  acid  (1:1).  The  precipitate  was  filtered  Yield  6.2  g  (60.7^  of  the 
theoretical):  m.p.  131-132* 

No  depression  was  observed  in  the  mixed  melting  test  with  a  specimen  of  the  hydroxyietrahydionaphthyl- 
propylketone  prepared  by  the  fries  rearrangement. 

AL*AlP.*rnii.lOYi_*i  rTtethcxytetrahydronaphthale^e 

Palmltyl  chloride  was  prepared  from  palmitic  a*id  and  miopyl  chloride;  b  p.  178-179*. 

Into  a  three-necked  flaU'  fitted  with  a  mechanical  stirrer  and  side  tube,  were  introduced  25  C  g  ar-1- 
methoxytetrahydronaphthalene  i'Ui  200  ml  nitrobenzene  To  the  sola'aon  was  added,  with  cooltrg,  15.2  g 
palmity!  chloride,  followed  gradually  by  2G  g  A1C1|  in  the  course  of  a'-  hour,  the  reaction  mass  was  then  stirred 
for  another  4  hours  and  lef:  to  sta'-d  for  IS  20  hours.  The  viscous  dark  red  solution  was  decomposed  in  the  usual 
manner.  Ether  was  added  to  facilitate  sepata’iop  of  the  layers  Tre  etzei  filtrobenzerie  layer  was  separated  from 
the  aqueous  layer  and  washed  w»*h  KOH  solution  The  ethei  x'irrobe'tzene  layer  was  transferred  to  a  flask 
and  the  ether  disnlted  off  on  a  water  bath  a^ter  whkh  the  r:t'obenze*e  was  dtitilkd  tn  sream.  Tl.e  residual 
cil  was  extracted  with  ether  ether  extrac*  wa-  washed  with  wa'cr  ana  dried,  at  d  lirf*.  residue  distilled 

in  vacuum.  Two  fractions  were  collected  1)  b  p  up  to  220*  at  0  15  mm.  2)  b.p  220  240*  at  0.15  mm. 

A  second  dlstillat'ior.  yielded  the  !oIlowi''g  fractions  1)  b.p  200-214*  at  0.O8  mm  (12  g);  2)  b.p. 

214-:216*  at  0.08  mm  (16  g). 

The  substance  with  b  p  214-216*  at  0.08  mm  Is  the  .opposed  ar  4-palmltoyI-l-TH;tho»ytetrahydror-zphthalene, 
a  light-yellow  oil  which  solidified  on  cooling 

3  301  mg  subslarxe.  9  790  mg  C(\.  3  337  mg  H,0  Fou-d  %  C  80  88.  H  11.31.  Calculated^ 

C  80.95;  H  11.07. 

SUMMARlr 

1.  Condensatio"  of  ar*I -rt-ethoxsteTrahydronaphthaleiie  with  fatty  acid  crlorides  in  presence  oj  AlCl, 
gives  (ar-l-methoxyieirahydronaptithyl-ll-alkyl  ke»ores  i?  yields  of  6C  50^  of  the  theoretical. 

2.  Dealkylation  of  (ar-l-rriethoxytetrahydror.aphthyi-4)  alkyl  ketor.es  gave  compounds  identical  with  the 
(ar-l-hydroxytetrahyxlronaphthyl-4)-aIky!  ketones  prepared  by  tiie  fr’.e>  method  Yields  were  55-80^  of  the  theoretical 
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DERlV.v  'TVrs  OF  2.4-DIAMINO-1.3.5-TRIAZYLAXKYLCARBOXYLIC  ACIDS.  1. 


S.  V.  Sokolovskiya,  V  N.  Sokolova,  and  O.  Yu.  Magidsoi 


A$  far  back  as  18 14.  Nencki  [1]  established  that  the  heati'^g  of  guanidine  salts  of  fatty  acids  leads  to  new 
compounds  which  he  called  guanamines.  For  example,  on  heating  the  guanidine  salt  of  formic  acid,  formo- 
guanamine  is  formed;  the  salt  of  acetic  acid  gives  acetoguanamine,  and  so  on.  These  compounds  were  accurately 
identified  by  Welth  [2]  and  Claus  [3]  as  derivatives  of  2.4-diami!X>-l,3.5-4riazinc.  Later  Bamberger  and  Dieckmann 
[4]  made  a  detailed  study  of  diis  reaction  and  showed  that  the  formation  of  guanamines  proceeds  through  an 
Intermediate  blguanide.  It  was  consequently  established  that  derivatives  of  2.4-diamino-l,3.5'triaziites  can  be 
more  conveniently  prepared  by  starting  from  biguanides  In  1910  Rackmarui  15]  showed  that  biguanides  have  an 
extraordinarily  high  guanamine -forming  tendency,  formoguaramine  being  formed  quantitatively  by  simple  heating 
of  free  blguanide  with  an  alcoholic  solution  of  ethyl  formate.  The  reaction  ^oceeds  similarly  with  benzoyl 
chloride.  With  dlcarboxylic  acids,  however,  thetiiazLne  ring  does  not  close  and  the  corresponding  oxalyK 
malonyK  succinyl-,  etc.  biguanides  are  formed. 

A  series  of  papers  on  the  exploitation  of  the  formation  of  2,4-dUmino-l,3,5-triazinet  was  published  by 
Ostrogovich  and  co-workers  [G]  who  extended  die  reaction  toniuiles,  amides  and  amidines.  It  is  interesting  to 
note  that  Ostrogovich  succeeded  in  extending  this  uiazine  ring  closure  reaction  to  acyl  derivatives  of  biuret  to 
form  2-aryl-  or  aralkyl-4, 6-dihydroxy-l, 3. 5-triazines.  Fhus  the  tendency  of  the  N”C”N-C”N  grouping  to  form 
a  six-raembered  ring  Is  very  great  and  even  extends  to  oxygen-containing  compounds. 

A  series  of  patents  have  been  published  in  recent  years  C7>8]  which  use  this  ability  to  biguanides  to 
condense  with  various  derivatives  of  esters  containing  groups  such  as  — CN,  — COOR,  —SOjH,  — NO^. 

We  were  Interested  in  derivatives  of  2,4-diamirO'l  3.5-triazLne  because  of  their  structural  similarity  to 
bigumal  (paludrine)  or  N'-p-chlor  phenyl -N*-lsopropylbiguaride: 
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/CH, 
NH-C-NH-C-NHCH 
NH  NH 
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.CH« 


NHC=N-C-MK:fr 
N=c-1^  'Nth, 


which  Is  distinguished  by  high  antimalarial  activity.  We  undertook  the  synthesis  of  a  group  of  triazine  derivatives 
from  biguanides  by  closure  of  the  triazine  ring  with  the  objective  of  examini'^g  the  effect  of  this  closure  on 
antimalarial  activity. 

Starting  from  the  corresponding  biguanides,  V.  N.  Sokolova  has  prepared  2-amlno-4-p-chlorophenylamino- 
1,3,5-triazine  (I),  2-methyla!nlJK>-4-p-chlorophenylamlno-l,3.5-triazi'^  (11).  *nd  2-isopropylamlno-4-p-chloro- 
phenylamino-l,3.5-trlaziue  (III): 
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Since  these  c»rnpounds  possessed  weak  antimalarial  activity  and  were  characterized  by  very  poor  solubility 
in  water,  while  their  salts  were  most  unstable  and  suffered  coxplete  hydrolysis,  we  set  ourselves  the  task  o. 
eliminating  the  solubility  factor  as  a  possible  cause  of  the  low  activity  by  preparing  compounds  of  the  same  type 
bat  exhibiting  bener  solubility  in  water.  Improved  water  solubility  should  be  attainable  by:  1)  introduction  of 
the  amino  group  into  the  benzene  ring  and  the  preparation,  from  the  resultant  base,  of  stable  salts,  2)  introduction 
of  alkylcarboxylic  acid  groups  irrto  the  triazine  ring  ai>d  transformation  of  die  acids  into  their  salts.  In  the 
pursuit  of  our  objective  the  co.mpounds  (IV').  (V)  and  (VQ  were  synthesized: 


d 

a 

Cl 

t 

) 

1 

/\ 

i 

• 

X.; 

*  / 

j 

V 

NH-C=N - C-NH, 

NH-C=N-C-NH, 

NH-C=N-C-NHCH 

1  V 

N=CH— N 

i  li 

N=C-N 

1 

N=C~N  ^ 

j 

1 

CH,-COOH 

CH,-Ci%-COOH 

(!V) 

(V) 

(VI) 

2-Amino-4-(p-chloro-m-amlnophenyl)-amlno-l,3.5-tria2ir*  (IV)  was  prepared  from  4-chloro-3-nitreanillne; 
the  latter  was  obuined  by  the  method  of  Claus  and  Stiebel  [S].  slightly  modified  by  us.  Reaction  of  3-nitro-4- 
chloroaniline  hydrochloride  with  dicyanodiamide  in  an  aqueous  medium  in  Cohn's  conditions  [10]  gave  p-chloro- 
m-nitrophenyl-biguanide  in  pood  yield  We  effected  the  first  of  the  two  above-mentioned  syntheses  by  reducing 
the  nitro  group  to  the  amino  group  and  cyclizing  the  p-chloro-m-aminobiguanide  to  the  triazine  with  the  help 
of  ediyl  formate.  Experiments  on  catalytic  reduction  with  skeletal  nickel  catalyst,  however  were  unsuccessful. 
Although  hydrogen  absorption  proceeded  ixirmally,  the  reduced  compound  resinified  at  extraordinary  speed  even 
in  a  nitrogen  atmosphere  and  it  was  Impossible  to  isolate  a  pure  substance  from  the  resin.  We  therefore  decided 
to  close  the  triazine  ring  in  the  first  place  and  then  to  teduce  the  nitro  group.  Reaction  of  p-chloro^n-nitrophenyl- 
biguanide  with  ediyl  formate  in  an  alcoholic  niedium  [5]  gave  2-amitK)-4-(p-chloro-ra-flitrophenyl)-amlno-l,3,5- 
triazine,  which  by  catalytic  reduction  withpalladlum-on-caibon  gave  2-amino-4-(p-chloro-m-amlnophenyl)-amino- 
1,3,5-uiazine.  This  base  was  perfectly  stable  and  its  hydrochloride  was  readily  soluble  in  water. 


We  realized  the  synthesis  of  2-amLno-4-(p-chlorophenyl)'amir,o-1.3.5'triazine-€-acetic  acid  (V)  by  starting 
from  p-chlorophenyl-biguanide,  prepared  by  the  method  of  Strukov  and  coworkers  [11]  After  recrysullization 
from  water,  pxrhlorophenylbiguanide  melted  at  S6  97*  and  contained  1  mole  water  of  crystallization.  Its  anhydrous 
form  melted  at  128-129*  [12].  Condensation  of  p-chlorophenylbiguanide  with  ethyl  cyanoacetate  gave  a  good 
yield  of  2“a.'nLnO'4-(p-chlorophenyl)-amino-l,3.5-triazyl-€-acctonitrile  Saponification  of  the  nitrile  proceeds 
with  some  difficulty.  When  heated  with  a  large  excess  of  liT^t  NaOH  solution,  the  nitrile  went  into  solution  after 
3  hours  and  ttie  free  acid  was  then  separated  in  yield.  2-Amino  4-(p-chlorophenyl)  1.3,5-triazyl-C-acctic 
acid  is  an  inner  salt  and  therefore  has  a  very  high  melting  point  (326-327*).  >t  may  be  represented  by  formula  (Va). 

The  s>T.thesis  of  2-isopropyIamino-4-(p-chlorophenyl)-amino-l,3.5- 
iriazyl-C-propionic  acid  (VI)  was  effected  by  condensation  of  N'-p-chlorophenyl- 
N*-isopropyl-biguanide  with  the  half  ester  acid  chloride  of  succinic  acid.  Closure 
of  the  triazine  ring  proceeded  through  the  acid  chloride  group  and  the  reaction 
gave  the  ethyl  ester  of  2-isopiopylamino-4-(p-chlorophenyl)-amino-1.3,5-triazyl- 
6-propionic  acid.  Saponification  of  the  ester  with  4*!!?  alcoholic  solution  of  NaOH 
gave  2-isopropylamu>o-4-(P'chlorophenyl)-araino-1.3.5-triazyl-6-propionic  acid. 

Tests  of  die  described  new  compounds  for  antimalarial  activity  were 
carried  out  in  the  chemotherapeutic  department  of  our  institute  (Prof.  G.  R 
Pershin)  on  strains  of  Plasmodium  relictum  and  Plasmodium  gallinaceum  and 
did  not  reveal  any  active  compounds  among  them. 


NH-C=N-C-!Jh. 

•  I  • 

N=C-N 

CH,-COO 

(Va) 
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EXPERIMENTAL 


4-Chloro-3-r.itroaniIiPC  [9]  100  g  4-chloroanUine  was  dissolved  in  500  ml  concentrated  sulfur'r  acid 
and  was  nitrated  (while  cooling  with  ice  and  salt)  with  a  mixture  of  35  ml  nitric  acid  (specifi#*  gravity  1,51)  and 
350  ml  concentrated  sulfuric  acid.  Nitration  was  conducted  as  quickly  as  possible  at  a  temirerature  not  exceed¬ 
ing  0  .  The  reaction  mass  was  poured  on  to  Ice  and  neutralized  with  sodium  carbonate.  The  precipitated  4- 
chloro-3H3itroanilinc  was  purified  by  fractional  crystallization  from  10^  methyl  alcoboL  Yield  79  g  (58.5^  of 
theory),  M.p.  104-105*. 

2.  N-(4-ChloTO  3  -nitrophenyl)  b’guanide.  a)  A  mixture  of  lO  g  4<hlorO“3-riitroanilure,  5  g  dicyanodiamide 
and  7  ml  30^  hydrochloric  acid  was  heated  at  the  boil  for  sf  ‘■oan  on  a  glycerol  bath  (11],  The  biguanide  hydro¬ 
chloride,  which  came  down  when  the  solution  was  cooled,  was  filtered  off,  washed  with  a  little  water  and  recrystal- 
lized  from  30  ml  water.  Weight  12  8  g.  m  p  223-224  5'  The  free  base  was  isolated  by  adding  a  coficcnirated 
NaOH  solution  to  the  aqueous  solution  of  the  hydrocrJortde  at  80  90'.  >ield  11  g  (74  of  the  theoretical).  The 
m  p  depends  on  the  »peed  of  heating  at  the  rate  of  2*  per  minute,  the  m.p.  is  169-170*. 

Biguanide  base  crystallizes  with  1  mclecuie  o*  water  m  the  form  cf  lo:-g  pri>ms  with  an  orange  color.  It 
loses  water  after  prolonged  drying  at  100*  and  the  color  charges  to  yellow,  it  has  good  solubility  in  cokJ  acetone, 
methyl  and  ethyl  alcohols,  ethyl  aceute  arid  glaciaf  acetic  acid  it  is  nearly  L'soluble  un  berze.re,  chloroform  and 
petroleum  ether. 

0.1052  g  substar-ce:  4  12  ml  0  1  nCl.  Ca'cu’ated:  4.08  ml  0.1  HCl.  5  009  mg  subsunce: 

11.66  ml  0  01  g  HjSO^.  5.167  mg  substance.  12  14  ml  0.01  N  H,SO^  Found  «%:  N  32.59,  32.89. 

C,H/3^N^CI.  Calculated ‘5t.  K  32.74. 

3.  2-AmLnO'4-(p-chloro-rn-rltropheryl)  amfr;o-l,3,5trlazlne.  12  1  g  N-(4  chloro-3-riitrophenyl)-blguanide 
was  dissolved  in  50  ml  absolute  alcohol  arid  to  the  solution  was  added  4.5  ml  ethyl  formate.  The  solution  was 
heated  at  the  boil  for  4^  hours  The  precipiute  was  filtered,  washed  with  alcohol,  and  recrystallized  from  75^ 
acetic  acid  Yield  7  g  (5d%  of  the  tneoretical)  Yellow  powder,  m.p.  274-275  5*,  almost  insoluble  in  water  and 
organic  solvents,  soluble  in  g1'*cul  acetic  acid 

4.822  mg  substance-  10  72  ml  0  01  N  HjSO,  4.929  mg  sub  .ance:  10.89  ml  0.01  N  HfSO^. 

Found  <5k:  N  31  12,  30.93.  C^HiO^N^Cl.  Calculated ‘Jfc:  N  31.52. 

4.  2-Amir.o-4-(p-ch]om-m  aminoj^ienyi)  amtfiO-1.3  5  triazire.  5.2  g  2  amlno4-(£chloro-nM:itropheQyl)- 
amino-l,3,5-triazine  in  lio  ml  3  5^  r.ydrcchloric  ^id  was  reduced  wiih  hydrogen  at  room  temperatuie  in  presence 
of  palladium  catalyst  (0  05  g  palladium  chloride  o*-  2  g  active  carbon)  with  meclar.ical  shaking  for  6  hours.  1.300 
ml  hydrogen  was  absorbed.  The  substa^^ce  %re«t  into  solution.  The  solution  wa*  filtered  and  evaporated  to  dryness 
in  vacuum.  Tiie  triazuie  hydrochlo'ide  (weigpt  5  3  g)  was  recrystaUized  from  20  ml  water.  The  creara<olored 
powder,  m.p.  255-257*,  had  good  solubiUty  i  water. 

0.1536  g  substar  cc:  9  4  ml  0  1  n  NaOH  Calculated.  9,9  ml  0.1  N  NaOn.  4.942  mg  substance- 

9.36  ml  0  01  N  h,SO,  5.178  mg  sub  ta-<e*  9  8l  ml  0.01  N  H,SO^.  8.360  mg  substarnre:  7.546  mg 

AgCl.  7  823  mg  substarce:  7  128  mg  AgCl.  Fou-^td  *?».  N  26.52,  26.39:  Cl  22.33,  22.53.  CjHjN^l* 

2HC1.  Calculated  N  27.14.  Cl  22.94. 

The  free  base  was  Isolated  by  treatment  of  the  aqueour  solution  of  the  hydrochloride  with  NaOH  solution 
until  weakly  alkaline  to  litmus  It  was  purified  by  -ecry'tall-vzation  from  50^  ethyl  alc''hol.  vield  3  5  g  (76^  of 
the  theoretical).  The  cteam-colo'^cd  pos«ler  melted  a*  2-18  249*.  it  dissolved  In.  cold  glacial  acetic  acid,  hot 
ethyl  alcohol,  acetone  ard  pyridirc;  i-soluMe  in  warer.  bc-iZefte  etrer  ard  chloroform, 

5.264  mg  substarce  13  32  ml  0  01  N  HjSO^.  5  158  mg  subsurce.  13.09  ml  O.Ol  N  h|SO*.  7.688 

mg  substance  4  580  mg  AgCl  8  2C3  mg -ubsta'-cc  4  805  mg  AgCl.  Found  N  35  43.  35.53: 

C!  14  74.  14  50  CJljN/;i.  Calculated  ‘Jt.  N  35  52  Cl  15.01. 

5.  Formaldchvde-bisulftte  derivative  of  2  amtco4  (pchloro-ro  amt-ophenyl)  amiro-1.3  fr  tiiaztne.  A 
mixture  of  5  g  (1  mole)  2-amino-4-(o^nloro-m-amL‘.cpnc  •>i)-amir,o-l,3.5  tiiazirre,  3  g  (1.05  m-ics)  formalde- 
hyde  bisulfite  compound  50  ml  alconol  ard  5  ml  water  was  healed  witr.  »tir-irg  at  the  boil  for  20  ,.our>  The 
precipiute  was  filtered  ofi.  washed  with  alcof.oI  a-d  recrys*all.'aed  from  wa'st.  Yield  3  5  g  (46.  ^of  tttc  theor¬ 
etical).  White  powder,  leadily  soluble  i-"  water,  r  soluble  i  Ofga'ic  volve-sts.  Co.-'tains  1  mole  cf  water  of 
crysullization. 
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0.2078  a  Xiibst^nce•  0. 1283  g  BabC*.  rodod  S  8.47  CuHjjOjNeSNa- HjO.  Calculated^:  S3.63. 

6.  2 -Amino ■^-(g-chloropherv'l)-amino-l. 3, S-tiiazyl -6-acetonitrile.  36.5  g  N"^4-chlorophenyl)-biguanide 
(anhydrous  v^th  ni.p.  12S-129*)  was  dissolved  in  120  ml  absolute  alcohol,  to  the  solution  wa»  added  20  g  ethyl- 
cyanoacetate.  The  mixture  was  heated  at  the  boil  in  a  flask  under  a  reflux  condenser  for  2  hours.  The  yellow 
precipitate  was  filtered  off.  washed  with  alcohol  atxl  lecry stall ized  from  50^  alcohol.  Yield  18  g  (40*^  of  the 
theoretical).  Cream'^olored  plates  with  m.p.  225-226*.  insoluble  in  water,  soluble  in  alcohol  and  acetic  acid. 

5,014  mg  substance:  11.44  ml  0.01  N  H1SO4.  4.697  mg  subsUnce:  10.65  ml  0.01  N  HiSQ^ 

Found  K  31  94.  31,74.  CuH,N^.  Calculated  V-  N  32.24.- 

7.  2-Amino-4-(p-chlorophe3yl)-amino-1.3.5-triazyl-6-acetic  acid.  10  g  of  the  above -prepared  2-amino-4- 
(p-chloio  phenyl) -amx:io-1.3.5-triazyl-€-acetonitrilc  in  195  ml  IC^  aQueous  NaOH  was  heated  at  the  boil  for  3 
hours.  The  precipitate  gradually  went  into  solution.  The  solution  was  cooled,  filtered  from  turbidity  and  neu¬ 
tralized  with  hydrochloric  acid  (1:1).  The  triazylacetic  acid  was  purified  through  the  sodium  salt.  Yield  9.6  g 
(90^  of  the  theoretical).  Cream-colored  powder  with  m.p.  326-327*.  Insoluble  in  water  and  organic  solvents; 
soluble  in  weak  acids  and  alkalies. 

2.529  mg  substance.  4.42  ml  0.01  N  HjSO^.  2.113  mg  subsunce:  3.72  ml  0.01  N  H,S04. 

Found  N  24  47.  24.67.  CuH^jNsO^Cl.  Calculated  N  25.04. 

8.  Ethyl  ester  of  2-isopropyla.mino-4-(p  •chlorophenyl)-amino-1.3.5-tria2yl-6-pfopionic  acid.  To  a  mixture 
of  15  g  N'-(4-chloropr.er.>l-N®-i$opropylbiguanide  in  150  ml  ebsolute  toluene  and  10.5  g  anhydrous  sodium  carbon¬ 
ate  was  added  dropwise.  with  energetic  stirring,  a  solution  of  13.5  g  of  the  half  ester  acid  chloride  of  succinic  acid 
[13]  in  100  ml  absolute  toluene  at  65-70*.  The  temperature  was  gradually  raised  and  was  held  at  110*  for  20  bouts 
(untU  disappearance  of  the  biguanlde  reaction  with  ammonlacal  copper  sulfate  solution).  The  solution  was  filtered 
hot  from  the  precipitated  sodium  chloride.  The  filtrate  solidified  to  a  red-brown  gel  when  cooled;  it  was  carefully 
filtered  from  the  toluene  and  to  the  residue  was  added  weak  hydrochloric  acid  and  ether  With  intense  cooling, 
rubbing  with  a  rod  brought  down  crystals  of  the  hydrochloride  which  were  filtered  off  and  repeatedly  washed  with 
ether.  The  hydrochloride  was  recrystallized  from  a  mixture  of  40  ml  ethyl  alcohol  and  50  ml  ether.  Yield  10  g 
(50^  of  the  theoretical).  Needles  with  rn.p.  165-166*.  almost  insoluble  in  water,  insoluble  in  ether,  soluble  in 
alcohol. 

4.163  mg  sidrstanoe:  7.914  mg  CO|;  2.207  mg  H|0.  3.584  mg  substance:  4.47  ml  0.01  N  H1SO4. 

3.052  mg  substance:  3.82  ml  0.01  N  H,S04  Found ‘Jt:  C  51.88;  H  5.93;  N  17.46.  17.59. 

CwHuOiNsCl*  HCL  Calculated  %  C  50.99;  H  5.75;  N  17.50. 

The  ethyl  ester  cf  2-isopropylamioo-4-(£<hlorophenyl)-amlno-1.3,5-trlazyl-6-propionlc  acid  was  isolated  in 
the  free  state  by  treatment  of  the  aqueous  suspension  of  the  hydrochloride  with  17<5t  NaOH  solution  in  presence  of 
ether.  The  mixture  was  shaken  until  the  precipitate  dissolved  completely.  The  ether  layer  was  separated  and  the 
ether  distilled  off.  The  residual  oil  was  recrystallized  from  a  little  alcohol.  Thin  plates  with  m.p.  86-90*.  Readily 
soluble  in  alcohol  and  ether,  insoluble  in  water. 

3.260  mg  substance:  6:669  mg  CC^:  1.817  mg  H,0.  3.205  mg  substance:  6.600  ng  CO^;  1.722  mg  1^0. 

3.619  mg  substance:  4.93  ml  0.01  N  HjSO^.  Found  ‘Jk-  C  55.82.  56.19;  H  6.23.  6.01;  N  19.07. 

Calculated  <?,:  C  56.12,  ri  6.05:  N  19.25. 

9*  2-Iso  pro  pyla.'niDC^-4-(2-c>ilorophenyl)-amino-l,3.5-triazyl-€-iffopionic  acid.  3.75  g  ethyl  ester  of  2-iso- 
propylamino-4-(g<hlorophcnyl)-amino-1.3.5-triazyl-6-propionic  acid  hydrochloride  was  dissolved  in  15  ml  warm 
absolute  alcohol,  and  to  the  solution  was  added  20  ml  4^  alcoholic  solution  of  NaOH.  The  precipitated  sodium 
chloride  was  filtered  off  The  solution  was  heated  on  the  water  bath  at  the  boiling  point  of  alcohol  for  half  an 
hour.  The  precipitate  was  filtered  off  and  dissolved  in  30  ml  water,  and  the  pure  solution  was  acidified  with  di¬ 
lute  hydrochloric  acid  to  a  pH  of  2.  On  standing,  the  precipitated  gel  formed  crystals  which  were  filtered  off, 
dissolved  in  sodium  bica;bcr.ate  solution  and  re  precipitated  with  dilute  hydrochloric  acid.  The  triazylpropionic 
acid  was  recrystallized  fro.-n  30  times  the  amount  of  alcohol.  Yield  2  g  (63.7<5b  of  the  theoretical).  Needles  with 
m.p.  216-218*.  insoluble  in  water  and  acids;  sparingly  soluble  in  alcohol,  soluble  in  bicarbonate  solution. 

0.1165  g  subsunce.  3.51  ml  0  1  N  NaOH.  Calculated:  3.47  ml  0.1  N  NaOH.  4.507  mg  substance: 

8.880  mg  CC^-  2.138  mg  HjO.  4.323  mg  subsunce:  8  541  mg  CO^;  2.109  mg  H,0.  4.160  mg  sub¬ 
stance:  6  30  ml  0  01  N  HXSO4.  Found ‘Jk;  C  53.77,  53.92:  H  5.31.  5.46:  N  21.20.  CuHnP^Nja. 

Calculated  S  C  53  65:  H  5.36:  N  20.86. 
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10..  2-lsopropylamIno-4-<p-chlorophenyl)-amLoo-l.3.5-triazyl-6-propiGnic  acid  hydrazide.  2.3getiiyl 
Cfter  of  2”isopropy  lamino-4*(^<hlorophenyl)*amlr!0*l,3,5Hria2yl-5-ijropiOTiic  acid  hydrochloride  was  dissolved 
in  7  ml  absolute  alcohol,  and  to  the  solution  was  added  2  ml  hydrazine  hydrate.  Tne  solution  was  beared  at 
the  boil  for  an  hour  and  left  for  24  hours.  The  precipitate  was  filtered  off.  washed  with  alcohol  and  ether  arid 
recrystallized  from  alcohol.  Yield  1.7  g  (SS'^tof  the  theoretical).  Needles,  m.p.  1C8-170*,  Insoluble  in 
water  and  ether,  soli^le  Ln. alcohol. 

4  219  mg  substance.  7.950  mg  CO,.  2  110  mg  ii,0  1  698  mg  substance.  3.40  ml  0.01  N 

H, S04.  1  801  mg  substance;  3  60  ml  0.01  N  HjSO,.  found  <%.  C  51.42  H  5.59:  N  28.02, 

27.98.  C^HjiONtCI.  Calculated  5»:  C  51.50.  H  5.72.  N  28.04. 

SUMMARY 

I.  A  senes  of  2.4‘<liamino-1.3  5-tiiazi.re  derivative^  was  pret>a*ed  by  cyclization  of  the  cotrespondfg 
biguanide  derivatives  with  esters  of  mo'^obasic  acids  a  >d  ’re  m'^  racid  cnlortdes  of  d’basrc  acid  half-ester >, 

The  laner  method  permitted  direct  preparat’O.n  of  '^he  ester  ot  a  sub>t:v:ed  2  ad'amino  1,3  5  titazyl-€  al.vyl- 
carboxylic  acid. 

2.  The  following  were  synthesized-  N  (4<n'0'o  3-r-t7op-e'yt)  b-.g^an^de  2  ami*o-4  (£<hlo:o-ra-^itTC* 
phenyl) -amino-l  S.S-triazne  2“aminO'4-(£-chloropne'yl)  ami  o  1  3  5  t.-'azy*  6  ace'o  .luile  t.rie  etr.yl  ester  aid 
hydrazide  cf  2-isopropyl-amino-4-(£-chlorophenyl)  amino-l  3.5  r*iazyl  6  propiO“’c  acid  2.4*d!amiriO-4-(£ 
chloro“m-aminophenyl)*amlro*l,3.5-t’iazlne.  its  formaldehyde  b’julfite  denvatisc  aixl  its  hydrochloride  2-ami'y>- 
4'(£<hlorophenyl)-amirx>-1.3.5-triazyl*6-acetic  acid.  2-iK)pr?pylami’H)  4-\£'cMc'ropheryl)'amino  1.3  5*truzyl-€- 
propionic  acid. 

The  last  four  compounds  prosed  to  be  inactive  wi.e~  te>ted  for  ar.timalarial  action. 
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THE  PROBLEM  OF  THE  ESTROGENIC  ACTIVITY  OF  AKOL  DIMERS 
n.  SYNTHESIS  OF  THE  ISOMERIC  3.5^)I-(£-HYDROXYPHENYL)-4-M£THYLPENTENES 

O.  S.  Madaeva.  N.  M.  Goncharova  and  V.  I.  Maksimov 


We  have  reported  [1]  that  anol  —  p-propenylphenol  (Q  ”  is  capable  of  transformation  in  various  conditions 
into  compounds  .  assessing  the  properties  of  the  iiiale  sexual  hormone.  It  was  shown  that  the  liquid  mixture  of  poly* 
mers  formed  on  lengthy  staiKling  of  the  pure  anol  has  an  estrogenic  activity  of  the  order  of  1  y;  that  from  the  mix* 
ture  of  substances  formed  on  demcthylation  of  anetiiole  with  potawium  hydroxide  at  200-220*  can  be  isolated  a 
fracticn  that  stimulates  estrus  in  mice  in  a  dose  of  0.1-ly;  arid  that  a  fraction  with  the  same  activity  v'as  obtained 
by  vacuum-distillation  of  *e  resmous  substances  obumed  by  2  hours*  beatirig  of  anol  at  230*. 

/  '  \  /  \  1^”*  /  '>  "= » 

HO-  /-CH=CH-CH,:  RO-  ^ -CH-CH- '  '--Oft  (Cb)  R=CH, 

(I)  CjHs 

We  rejected  the  statements  of  Dodds  and  co-workers  [2]  that  the  estrogenic  properties  of  compounds  pre* 
pared  by  demethylation  of  anethole  with  potassium  hydroxide  are  due  to  the  presence  in  them  of  meso-3.4-di- 
(£-hydroxyphenyl)hexane  (synestrol.  Ila),  and  evidence  was  presented  that  the  high  estrogenic  activity  of  subsunces 
formed  from  anol  1$  due  to  some  of  its  dimers  —  isomers  of  3,5-di-(£hydroxyptjcnyl)-4-methylpeDtenes..  One  of 
these  dimers  of  anol  —  di4”3.5-dt-^£hydroxyphcnyl)'4*methylpenter;e  (IV  b)  —was  isolated  by  us  from  a  mixture 
of  polymers  of  anol  in  the  pure  crystalline  form. 

In  furdier  work  on  the  fractionation  of  mixtures  formed  by  polymerization  of  anol  and  on  the  separation 
from  them  of  pure  compounds,  difficulties  were  encountered.  We  were  u.rable  to  overcome  these  difficulties, 
arxl  we  therefore  decided  to  attempt  the  synthetic  preparation  of  the  anol  dimer>  of  interest  to  us. 

In  this  paper  we  describe  an  investigation  of  the  dehydration  of  3.5-di*(g-mcthoxyphenyl)-4-methylpentan* 
4-ol  (III)  and  the  preparation  therefrom  of  the  unsaturated  compounds  (IVa).  (Va)  and  (Via);  we  also  studied  the 
ccvresponding  phenols  (I\'b).  (Vb)  and  (VIb): 


CilvpH, 

'  \  I  : 

CHjO-  -CH-C-CH,- 


RO-'  -CH— C=CH-' 

\ — 

(IVa)R  ^  CH, 
(IVb)R  -H 


OH  (HI). 

I 


0,4.  CH, 


RO-^  '  -<;=C-Cfi,- 
(Va)R=GH, 

-  .  (\T>)R=  H 


v  (Va 

^  ,  (\T>: 

'-CH— C-Ci^-  '-OR 


(VU1B  =  CH, 

(Vlb)F.:H 

Two  methods  were  used  for  preparation  of  the  startLrg  carbl"^!  (III).  In  both  of  these  we  started  from 
a-^-mcthoxyphenyl) -butyric  acid  (VO),  prepared  from  o-(Phs''yl)  butyric  acid  via  £-nitro-.  £-amino  and  £- 
hydroxy-a-(phenyl)-butyTic  acid  arxl  methylation  of  the  phenolic  hydroxyl  group  of  the  latter  with  dimethyl 
sulfate. 

In  the  first  variant  we  attempted  to  prepare  the  carbi-ol  (HI)  by  the  action  of  3  -(g-merhoxyj^nyl)” 
pentan-4-one  p)  (DC)  on  £-methoxybcnzyl  magiresium  bromide. 

The  ketone  (IX)  was  synthesized  by  us  from  a-(£-metboryphe.Tyl)-butyryl  chloride  (VIll)  and  dimetivyl* 
cadmium  in  82.S1k  yield. 


QH-  __  W  ^  ^ 

CH,0~\~l_y-CH-COOH— ►  CH,0-\.  V^H-COCl  CH,0-Ss^  ^;>CH-COCH|->  (III) 

~  (VII)  (VIII)  (K) 

However,  uic  reaction  of  p-methoxj’bcnzyl  magnesium  bromide  with  (IXj  does  nor  proceed  smoothly  and  car- 
binol  (III)  is  formed  in  Insignificant  yield,  in  addition  to  which  it  is  badly  contaminated  with  dlanisyl  (side* 
product  of  the  reaction  of  ^-meihoxyberuyl  bromide  widi  magnesium).  This  variant  could  not,  therefore,  be 
applied  for  preparative  purposes.  The  prepared  carbinol  (III)  was  dehydrated  by  heatirtg  with  iodine  in  xylene 
solution:  oxidation  of  the  formed  mixture  of  unsaturated  com.pounds  with  potassium  permanganate  in  acetone 
[4]  gave  anisic  acid;  the  neutral  fraction  of  the  oxidation  products  yielded  a  semicarbazone  with  m.p.  189* 
which  did  not  depress  rhe  m.p.  of  3-(£-methoxyphenyl)-per.tan-4-one  (IX)  semicarbazone.  which  we  also  pre¬ 
pared  by  oxidation  of  isoanetbole  (IVa). 

Formation  of  anisic  acid  and  of  ketone  (IX)  indicates  that  the  main  product  of  dehydration  of  car¬ 
binol  (III)  in  these  conditions  was  isoanethole  (IVa). 

The  unsatisfactory  yield  of  carbinol  (HI)  and  the  difficulties  of  its  purification  prompted  us  to  synthe¬ 
size  it  by  the  other  route  from  3.5-di-(£*meihoxyphenyl)-pentan-4-one  (X)  and  methyl  magnesium  bromide. 

For  the  preparation  of  (X)  we  exploited  dte  ability  (discovered  by  Ivanov  and  co-workers  [5])  of  the 
sodium  salt  of  phenylacetic  arid  to  react  with  isopropyl  magnesium  bromide  with  formation  of  propane  and 
the  a-magnesium  chloride  derivative  of  phenylacetic  acid. 

The  authors  utilized  thu  property  for  a  series  of  reactions,  including  the  preparation  of  alkylaromatic 

ketones. 


We  extended  this  reaction  to  the  sodium  salt  of  a-(£-methoxyphenyl)‘'acetic  acid  (Xla).  and  the  synthe¬ 
sis  of  ketone  (X)  was  performed  according  to  the  scheme: 

CH| 

CH,0-CI^>CH,C00R  y  CH,0-^  ^^H-COONa  CH,CX:,M^CH--COCl^ 

(Xla)  R  ^Na  KlgCl 

(Xlb)  R  =H  (XII) 

COOH  tpH, 

ch,o-'^I^^h-co-ch-^^}kx;h, ch,o-^^]^A-ch-co-ch,-,^  (Hi) 

(XUIa)  R  =  H  '  * 

(XIin))R=  Na  (X) 

The  sodium  salt  (Xla)  was  prepared  by  neutralization  of  acid  (Xlb)  with  sodium  carbonate  in  absolute  alcohol 
solution:  it  was  dried  after  distillation  of  the  solvent  in  vacuum  at  130*  and  was  pulverized  to  a  fine  povrder. 

The  last  uaces  of  moisture  were  eliminated  by  distillation  with  absolute  ben¬ 
zene;  use  was  made  in  the  reaction  of  a  suspension  of  the  sodium  salt  of  a-fp* 
methoxyphenyl)-acetic  acid  in  benzene.  It  was  establisned  that  preparation 
of  its  magnesium  halide  salt  in  satisfactory  yield  necessitated  the  addition  of 
the  heated  sodium  salt  of  the  acid  in  benzene  at  the  instant  of  violent  reac¬ 
tion  of  the  magnesium  with  one-u.ird  of  rhe  required  amount  of  isopropyl 
chloride,  in  these  conditions  propane  at  once  begins  to  come  off.  The  tem¬ 
perature  of  the  reaction  mass  was  held  at  60*  during  addition  of  the  remain¬ 
ing  amo’jnt  of  Isopropyl  chloride,  as  well  as  afterwards  until  no  more  propane 
came  off. 

The  condensation  of  (XII)  with  a-(£-methoxyphenyl)-butyryl  chloride 
(Vni)  and  the  subsequent  decarboxylation  of  the  keto  acid  (Xllla)  proceed 
smoothly  and  lead  to  the  formation  of  3.5-<li-(£-methoxyFbenyl)-pentan-4-onc 
(X)  in  48*^  yield.  Reaction  of  (X)  with  methyl  magnesium  bromide  gives  a 
yield  of  3,5-di-(£-methoxyphenyl)-4-methyIpentan-4-ol  (III). 

Wc  effected  the  dehydration  of  tnc  tertiary  carbiix>l  (Ill)  by  the  mediod 
of  A.P.  Orekhov  -boiling  with  acetyl  chloride.  The  obuined  mixture  of  3.5-di-(£-methoxyphenyl)-4-methyl- 
pentenes  was  an  oily,  noncrystallizing  mass. 


1  -Isoanethole:  2  -  mixture 
of  isomers;  3  -  synestrol 
dimethyl  ether. 
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Compirfson  of  the  ultraviolet  absoiptioa  spectra  of  thi*  mixture  with  the  spectra  of  iaoaDeibolc  and  the 
dLmethyl  ether  of  synestrol  (Ilb)  showed  that  the  mixture  does  not  conuin  isomer  (Via)  [whose  absorption  spec¬ 
trum  mmt  be  of  the  same  order  as  that  of  (Hb)!  Moreover,  the  possibility  of  formation  of  dils  isomer  is  very 
remote  because  A.  P.  Orekhov  and  co-workers  [6,  7,  8)  had  shown  that  in  die  dehydration  of  tertiary  carbinob 
of  this  series,  the  double  bond  is  formed  by  cleavage  of  hydrogen  from  the  less  readily  hydrogenated  atom  of 
carbon  situated  in  die  a-position  to  the  phenyl  radical. 

The  absorption  spectrum  of  the  prepared  mixtire  (see  diagram  on  previous  page)  was  very  similar  to  the 
absorption  specuum  of  Isoanetliole  (IVa). 

Oxidation  of  the  mixture  of  3.5-di-(£-niethoxyphenyl)-4-methylpentenes  in  the  conditions  described  for 
the  oxidation  of  isoanethole  [9]  yielded,  as  main  products,  anisic  acid  and  (from  the  neutral  fraction)  the  seml- 
carbazone  of  3-(£-niethoxyplienyl)-pentan'4-one  (IX).  From  the  recrystallization  mother  liquors  of  this  semi- 
carbazone  was  obtained  only  a  very  small  quantity  of  a  mixture  of  other  semicarbazones.  Evidently  the  dehy¬ 
dration  of  (III)  leads  mauily  to  formation  of  isoanediole  (IVa). 

Demediylation  of  the  obtalnei  mixture  of  unsaturated  compoat'ds  with  an  alcoholic  solution  of  KOH  at 
225-230*  gave  a  light-yellow,  resLnous  ‘  .bitancc  distilling  at  190-193*  (0.3  mm).  Or  addition  of  benzene  it 
paitly  crystallized.  After  recrystalluation  from  benzene  the  precipitated  product  melted  at  98-99*  and  did  not 
give  a  depression  withA^  j-O  5di-^hydro*yprenyl)-4-methylperitene  (IVb)  prepared  by  demethylation  of  iso- 
anethole  In  the  same  conditions.  Its  £-nitrobe.'izoate  likewise  did  not  give  a  depression  with  isoanol  £-nitrobcn- 
zoate  (m.p.  164*). 

After  separation  of  crystalliTrC  isoanol  from  the  oily  residue,  which  was  uiidoubtedly  a  mixture,  we  %#cre 
unable  to  Isolate  the  individual  <sub**arces. 

Biological  tests  on  the  prepared  mix'ore  of  3  5-di-(p-hydroxypheEiyl)-4-methylpentenfcs  showed  that  it  was 
capable  of  starting  estius  in  young  mice  after  tniee  ir.jectioni  under  the  skin  i;:  doses  of  up  toO  5y  in  solution  in 
peach  oil.  A  most  irvteresti'^g  aid  Important  fact  Is  that  the  filtrate  after  separation  of  me  crystalline  isoanol 
(IVb)  possessed  an  estrogenic  activity  of  the  order  of  0. 125-0.5y.  Isoanol  (IVb).  as  we  know,  develops  estrogenic 
activity  only  in  doses  of  lOOy.  Such  a  high  activity  of  the  obtained  synthetic  mixture  of  apol  dimers— deriva-  . 
lives  of  3. 5-di-(£-hydroxyphenyl)-4-methylpen:c'’'es  — confirms  our  previously  expressed  opinion  that  the  latter 
are  actually  the  cause  of  die  estrogenic  properties  of  the  products  of  polymerization  of  anol. 

EXPERIMENTAL 

a-(p -Methoxyphenyl)-butyric  acid  (VII). 

a)  o-(p-Niirophenyt)-butyric  acid.  A  solution  of  50  g  o-phenylbutyric  acid  Ln  336  g  sulfuric  acid  gi. 
1.84)  is  nitrated  with  a  mixture  of  27  8  g  nitric  acid  (sp  gr  1  52)and  33  7  g  nilfuric  acid(sp  gr.1.84)  at  ♦S*.  On 
the  following  day  the  reaction  mixture  is  poured  into  .105  g  ice  and  the  separated  a  (£-nitTopheQyl)-butyric  acid 
is  puiified  by  recrystallization  from  twice  me  weight  of  50^  acetic  ac'd.  Yield  3o  g  (50^  of  the  theoretical)  of 
a-(£-r.itropher.yl)*buty:ic  acid  wdhm.p  120-122*. 

b)  a-(£-Aminophe:->l)-touTyiic  acid  was  prepared  by  reduction  with  hydrogen  of  o-(£-citrophenyl)-butyric  . 
acid  in  presence  of  Ra.'ey  nickel  catalyst  at  80*  a^,d  an  initial  pressure  of  30  atmospheres.  Yield  78.3^  m.p. 
138.5-140* 

c)  o-(p-Hydro*yphenyl)-bu^ric  acid  A  solution  of  35  8  g  a'(£  amnnophe'‘.yi)-butyric  acid  In  a  mixture 
of  58.8  g  sulfuric  acidf.p  g;.i  o4)  and  160  ml  water  is  diazotized  with  a  solution  of  15  2  3  «dium  nitrite  in  40  ml 
water  at  ♦5*.  The  diazonium  salt  is  decompssed  by  introducing  it  into  a  boiling  solution  of  720  g  sulfuric 
acid.  Yield  of  a-(£-hyJroxypne::yl)-butyTic  acid  with  m  p.  127-128*  is  77.8^  of  the  theoretical. 

d)  o-fp-MethoxyphetYO-butyric  acid  (Vll)  was  prepared  by  metnylation  of  o-(£-hydroxyphenyl)-b'jtyric 
acid  with  dimethyl  sulfate  in  the  conditions  of  Wiids  arxl  Biggerstoff  [9],  m.p.  65-67*  alter  recrystallization  from 
petroleum  ether,  yield  94^  of  theory. 

£-Metnoxyp^nylaceric  acid  (Xlb)  !s  prepared  from  phenylacetoratrilc  through  £-“itrobenzyl  cyanide 
£-r.itrophenylacetic  acid  Catalytic  h/irogenatiof  cf  the  latter  gives £-amir.opher.ylacetic  acid*  this  :s  diazotized 
ar'd  by  the  methixl  of  Ca-ter  a-.d  Hey  [10]  it  is  »ra-:sf  rmed  m to  £  hydroir,phe.'iylacetic  acid  which  is  methylated 
with  dimethyl  sulfate  in  the  cotditnr.s  described  for  compound  ^VII),  (o  melts  at  83. 5- 

84*. 
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3*{p-Methoxyph2nyl)-pentaD-4-cne  (IX) 

<r-(2-Xtethox7Phenyl)-butyryl  chloride  (VIU)  was  prepared  by  reaciion  of  a  bc.izene  solution  of  o-(£- 
iT>ethoxyphenyl)*butyric  acid  with  thionyl  chloride.  B.p.  133”135  at  10  mm. 

A  solution  of  methyl  magnesium  bromide  is  prepared  from  4.8  g(0.2  mole)  magnesium,  aOO  ml  an¬ 
hydrous  ether  and  methyl  bromide  in  a  three-necked,  round-bottomed  flask  of  250  ml  capacity  fitted  with  a 
reflux  condenser,  a  stirrer,  a  mercury  seal  and  a  tube  for  passing  through  methyl  bromide.  Dimethylcadmium 
was  prepared  by  rapidly  addirg  to  the  iccxooled  methyl  magnesium  bromide  solution  ^9. 9  g  (0.11  mole) 
cadmium  hromkJe  previouUy  dehydrated  by  heating  in  a  vacuum  at  180-210  ir  a  CQi  stream.  Stirring  was 
then  comitued  at  room  temperature  until  complete  disappearance  of  the  methyl  magnesium  bromide  (nega¬ 
tive  reaction  with  Michler’s  keione).  To  the  formed  organocadmium  compound  is  added  dropwise  21.2  g 
(0.1  mole)  o-(jj-mcthoxyphecyl)-butyryl  chloride  at  such  a  speed  that  the  reaciion  mass  boils.  After  the 
whole  of  the  chloride  has  been  added,  the  mixture  is  heated  for  an  hour  at  40*.  On  the  following  day  the 
reaction  mass  is  decomposed  with  5^  sulfuric  acid  solution  while  cooling.  The  ethereal  solution  is  separated 
and  the  aqueous  layer  is  extracted  with  ether.  The  combined  ether  extracts  are  washed  with  5^  Na^l  solu¬ 
tion  and  dried  with  sodium  sulfate:  the  solvent  is  distilled  off.  The  residual  oil  is  distilled  in  vacuum  to 
give  a  fraction  with  b.p.  87-6S*  at  0.4  mm.  Yield  82.4'?t.  The  semicarbazone.  prepared  by  digesting  (DC) 
with  a  solution  of  semicarbazide  acetate,  formed  rhombic  platelets  (from  alcohol),  m.p.  187-188*  (the. lit¬ 
erature  gives  188-189*  p)). 

T?e  pre‘cuce  of  a  ketone  group  and  the  high  degree  of  purity  of  thie  prepared  ketone  were  esublisfaed 
by  determination  of  the  oxime  number  by  titration  in  presence  of  bromophenol  blue.  After  the  ketone  had 
been  boiled  with  hydroxylamlne  hydrochloride,  the  amount  of  released  hydrochloric  acid  exactly  corresponded  . 
to  the  weight  of  die  ketone  sample. 

.  Determinations  of  nitrogen  in  the  liquid  oxime  gave  the  following  .'Csults: 

8.525  mg  substance:  0.332  ml  Nj  (23*.  730  mm).  Found  N  4.32.  CnHjjOjN.  Calculated’^:  N  4.36. 


3.  5-Di-(£  -Meihoxyphenyl)-penian-4-one  (X) 


flask  fitted  with  a  reflux  condenser,  sturer,  mercury  seal  and  dropping  funnel.  The  condenser  is  connected,  via 
phosphorus  pcn»oxide  drying  bonles,  with  a  measuring  cylinder  filled  with  water  for  trapping  the  propane.  To  4.43  g 
(0.184  mole)  magnesium  in  40  ml  absolute  ether  is  added  a  crystal  of  iodine  and  1.73  g  freshly  distilled  isopropyl 
chloride.  After  the  start  of  the  reaction,  addition  is  made  to  the  mixture  of  80  ml  absolute  ether  and  (dropwise) 

3,86  g  isopropyl  chloride:  into  the  boiling  reaction  mass  is  rapidly  introduced  20  g  (0.106  mole)  sodium  (£-methoxy- 
pheDyI)^cetate  in  benzene.  The  bath  temperature  is  raised  to  55-60*:  vigorous  evolution  of  propane  then  commences 
and  the  gas  is  collected  in  the  measuring  cylinder.  As  soon  as  the  gas  evolution  slows  down,  addition  Is  made  to 
the  reaction  mass  of  a  furfrier  8.76  g  isopropyl  chloride  in  45  ml  absolute  ether  over  a  period  of  1^  -2  hours.  Heat¬ 
ing  at  the  specif:ed  temperature  is  co.ntirued  until  propane  ceases  to  come  off.  It  these  emditions  are  observed,  the 
magnesium  halide  complex  is  formed  in  a  yield  of  about  10^  judging  by  the  volume  of  propane  collected.  To  the 
so-prepared  reaction  mass,  containing  the  sodium  salt  of  the  magnesium  halide  compound  of  (2-meihoxyphcnyl)- 
acetic  acid  (XII).  is  added  dropwise.  while  cooling  witfi  ice  water  arid  stirri.ng,  22.47  g  (0.106  mole)  freshly  dis¬ 
tilled  a-(£-roeihoxyphenyl)-butyryl  chloride.  Heat  is  developed.  The  mixture  is  boiled  on  the  water  bath  for  3 
hours.  The  resultant  complex  is  decomposed  by  a  solution  of  ammonium  chloride  while  being  cooled.  The 
resultant  sodium  salt  of  the  ketocarboxylic  acid  (Xnib)  is  decaiboxylated  by  acidifying  the  reactioa  mass  with  sul¬ 
furic  acid  (acid  reaction  to  Congo)  and  heating  to  boiling  on  the  water  bath  for  2  hours.  The  ethereal  solution  is 
separated  while  cooling.  a.nd  the  aqueous  layer  is  extracted  with  ether.  The  ether  extracts  are  washed  sfiih  lO^k 
potassium  hydroxide  solution  and  with  water  and  then  dried  with  sodium  sulfate:  the  solvent  is  then  distilled  off. 

Yield  22.2  g  oily  product.  This  is  distilled  Ln  vacuum  to  give  a  fraction  at  187-200*  (2  mm).  It  panly  crysullizet 
after  standing  for  a  long  tune  ir.  a  refrigerator.  The  crystals  are  filtered,  washed  with  alcohol  and  petroleum  ether. 
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After  recrystallizatioa  &orj  ilccbol.  the  m.p,  •$  51-52*;  the  yield  of  3.5^ii-(p-ineihoxypbenyl'-i)enun-4-0!*e 
is  47.8^  of  the  theoreticaL 

3.35  rng  substance:  £.335  mg  C(^;  2.168  mg  H,0.  Found  G  76.58;  H  7.29. 

CiiHsxO,.  CalcuUted  V  C  76.46;  H  7.43. 

This  ketone  does  tx>t  give  crystalline  derivatives  either  with  semicaibazone,  hydroxylamine  oi  m- 
dinitrophenylhydrazoo^  * 

3, 5-Di-(£  -Methoxyphegyl)-4-methylpe3tan-4-ol  (III) 

To  an  ice*cooled  solaricvn  of  methyl  magnesium  bromide,  prepared  from  1.17  g  (0.049  mole)  magnesium 
in  12  ml  absolute  ether,  is  added  drupwise  %rith  stirririg  a  i^clution  of  5  g  (0.017  mole).  3,5-di-^-metboxyirficnyl)- 
pentan-4-oi»  In  30  ml  absolute  etber.  The  reaction  mas*  is  then  boiled’ on  *e  water  bath  for  2  hours.  On  the  fol¬ 
lowing  day  decomposition  of  ce  organo magnesium  complex  is  effected  under  cooling  with  25^  ammcnlum  chlor¬ 
ide  solution.  After  acidification  with  20^  sulfuric  acid  soliiiioi  (to  Congo),  the  aqueous  layer  is  extracted  with 
ether.  The  ether  extracts  are  waited  with  water  and  dried  with  sodium  sulfate  and  the  ether  is  distilled  off.  • 

Yield  5.1  g  (98'J»of  theory),  of  ca;binol  (HI). 

4.029  mg  substarxe;  11.317  mg  CO^:  2.995  mg  H^O.  R'und  C  76.60;  H  8.31. 

Calculated  V  C  76  38.  H  8.33. 

7.871  mg  substance:  £.€3  ml  CH4(16.5*.  733  mm)  Found  5k:  OH  5.56.  CtaHt^ 

Calculated  5k:  OH  5.-41. 

Dehydration  of  3. 5-d i-(p -metnox  yphe»iyl)-4»methylpentan-4-ol 

5.1  g  3.5-di-(£-ineihaxy-scje.nyl>-4'fTiethylpeatan-4-ol  is  heated  with  4.7  g  freshly  distilled  acetyl  chloride 
on  a  water  bath  under  a  reflaa  condenser  and  calcium  chloride  rube  until  hydrogen  chloride  ceases  to  come  off. 

The  mixture  is  then  poured  oc  to  ice  and  carefully  r^utralized  with  105k  NaOH  solution.  The  separated  oil  is 
extracted  with  ether  and  the  extract  washed  with  water,  dried  with  calcium  chloride  and  distilled  to  remove  die 
solvent.  Vacuum  fractionation  of  the  oily  residue  (4.75  g),  gave  3.4  g  (71.55k  of  theory),  of  a  light-yellow,  mobile 
liquid  with  b.p.  186-187*  at  0.6  mm.  Ks  elementary  analysis  is  consistent  with  a  dimer  of  anol. 

3.191  mg  substance-  £.4T5mgC0^;  2.327  mg  1^0.  Found  5k:  C  80.99.  H  8.16. 

Calculated  5k:  C  81.03:  H  8.16. 

Oxidation  of  the  products  of  dehydration  of  carbinol  (III) 

0.82  g  of  the  substance  witb  b.p  186-187*  at  0.6  mm  was  oxidized  with  potassium  permanganate  in  ace¬ 
tone  solution  in  the  cor.ditions  descnbed  for  the  oxidarton  of  isoar.ethole  405k  (0.32  g)  of  the  surting  substance 
was  recovered  uncharged.  From  me  acid  fraction  of  the  crxidatlor.  products  was  separated  a  i^ecipitate  widi  n^.p. 

J  77-178*  which  did  not  give  a  depressio-.  with  anisic  acid  (m.p.  179-180*)  Treatment  of  the  neutral  products  of 
oxidation  with  a  solution  cf  se.micarbazide  acetate  gave  a  mixture  of  semicarbazc.'-e..  with  m.p  171.5-172*.  After 
several  recrystallizations  from  alco.*iol  and  betzene.  a  semlcarbazcne  was  Isolated  with  m.p.  189*  which  did  not 
give  a  depiession  with  the  .eiiiacartuzone  of  3-(£methoxyphcryl)-per.tan-4-one  prepared  by  oxidation  of  isoanethole. 

De  me  th  y  1  at  t  o  n  of  prod;:cti  of  dehydration  of  carbirol  (!!!) 

7  6  g  potassium  hydrcxiJe.  3  4  g  dehydrauor.  ptod-ct*  of  carbr  ol  (HI)  a.nd  19  g  raeinanol  arc  heated  in  an 
experimertal  autoclave  at  225^0*  ior  24  hours.  10  ml  methanol  1*  then  distilled  off  from  the  reaction  mass, 
and  to  the  residue  is  added  10  rri  water  with  which  ±e  methanol  residues  are  completely  distilled  off.  The  oily 
substance  which  separated  from  me  aqueous-alkaline  solution  was  extracted  wifri  ether.  The  aqueous-alkaliae 
solution  was  diluted  with  40  ml  water  prior  to  acidification  with  20^  sulfuric  acid  solution  (to  Congo).  The  re¬ 
sultant  oil  was  extracted  with  e*her:  after  the  usual  worKing-up  and  the  distillation  of  the  etber.  1.95  g  of  a  mix¬ 
ture  of  3,5-dl-(£+.ydroxyphcn7f>-4-niethylpente.ies  iP/b.  Vb.  Vlfc)  was  obtained.  Vacuum  distillatioa  gave  a  frac¬ 
tion  with  b.p.  190-193*  at  0.2  mo.  Yield  1  g. 

5.153  mg  substa-^ce.  15.174  mg  CP|.  3.492  mg  H|0.  Fouril  C  80.31;  H  7.58. 

Ci«HsA*  Calculated  V  C  80.55;  H  7.51. 

On  treati.Tg  0.6  g  of  oe  cfctained  fraction  with  benzene  in  tr.e  cold,  it  partly  crystallized  to  give  0.15  g 
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ci>sta!$.  Aficr  repested  recrysiallization  from  oenzere.  *T>.p.  v/a$  5S-&9*:  the  substar.ce  docs  cot  give  a 
dep.’cssicn  with  3,5-<3i-(£-hydrox>T»hcnyl)*4”meihylpentene  (iVb)  previously  obtained  by  demethylation  of 
Isoa.Tcthole.  Toe  £-nitroben2oaie  of  this  crystalline  precipitate  likewise  does  not  depress  the  melting  point 
of  isaanol£-nitrobenzoate  (m.p.  164*). 

SUMMARY 

1.  The  dehydration  of  3.5-di-(£-inethoxypheoyl)-4-methylpentan'4-ol  was  investigated. 

2  A  mixture  of  dimers  of  anol  —  isomeric  3.5-di-(£-bydroxypheayl)-4'methylpenteDes“’was  prepared 
by  a  symhetic  route. 

3.  The  structure  of  isoanol  was  confirmed  by  synthesis  as  A4  j— 3,5-di-(£-bydroxyphenyl)-4-inethyl- 
pentene. 

4.  It  is  shown  that  the  prepared  mixture  of  isomers  of  3,5-di-(£-hydroxyphenyl)-4-roethylpentene  pos¬ 
sesses  a  high  estrogenic  activity. 
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THE  DIPOLE  MOMENTS  OF  SOME  FURAN  AND  THIOPHENE  DERIVATIVES 
L.  M.  Nazarova  and  Ya,  K.  Syrkin 

Following  on  our  previously  published  [1]  measurements  of  tiie  dipole*  roomeots  of  fome  compounds  of 
the  furan  azrd  thiophene  groups,  vie  have  now  measured  the  dipole  moments  of  2*bromoihlophenc,  2.S*<Iihro~ 
mothiopbece.  5-bromo-2-iiitrofuran  and  5-iiitro-2-furaldehyde. 

,  All  the  measurements  were  made  in  benzene  at  25*  by  the  heterodyne  roetiiod  in  an  apparatus  permit¬ 
ting  simultaneous  determination  of  the  dielectric  constant  and  the  density  of  the  solution. 

The  results  of  the  measurements  are  presented  in  Table  1.  where  Pa>  Is  the  total  polarization  at  infin¬ 
ite  dilution:  Rq  is  the  molar  refraction  for  the  sodium  D  lire,  calculated  additi«ely  Lo  cases  2.  3.  and  4  and 
found  experiroenully  for  2-btoroo;aii  phene:  p  is  the  dipole  moroecx. 

TABLE  1  EXPERIMENTAL 

We  synme  ized  the  investigated  compounds 
by  literature  methods.  Purification  of  dre  solid 
compounds  was  effected  by  recrystallization  until 
the  mriltir^i  points  s^ere  tonstanf.  The  liquid  com¬ 
pounds  were  purified  by  repeated  vacuum  distOIa- 
ticn.  Dibromotnloprere  was  synthesized  twice  and 
purified  by  two  roctriods:  five  distillations  in  vacu¬ 
um  and  conversion  to  the  mercury  compound  which  was  fractionally  crystallized  from  dlovane.  The  dibtcmodiio- 
phene  then  separatirig  from  the  appropriate  fraction  was  diittlled  in  vacuum.  Tne  dipole  moments  of  both  speci¬ 
mens  were  measured  and  found  ro  be  identicaL 

The  compounds  had  the  following  characterisnes: 

Benzene:  Freezing  point  aS.S*:  b.p.  80.12*  jsO.Ol  at  760  mm. 

2-Gtomothiopher.e:  B.p.  38.8*39  5*  at  13.5  mm  (the  whole  of  the  thread  of  the  thermometer  was  immersed 
in  the  vapor):  d|J  1.6284.  n{J  1.5865:  MRq  33.62 

2.5-Oibromothiopher.e:  B  p.  56.5*  at  1.5  mra  (whole  cf  thread  in  vapor).  Fteezes  In  dry  ice  and  melts  at 

-6*. 

5-flrotDO-2-nltrc»furar:  was  recrystallizcd  from  petroleum  ether:  m.p  48  0 -i8  35*  (corr.)i 
5-I^^ltTO-2-furaldehyde:  was  recryitalltzcd  from  bcrze.'e.  m.p.  34.6*35.1*  (cn??.). 

The  rfielectnc  constarts  were  measured  In  berze'e  at  25*.  The  total  polarization  was  calculated  by  die 
method  of  Hodestrand  Pl  Reiulti  are  set  out  in  TabfCs  2  to  5  where  m  derotes  the  co.'’cenTratlon  of  the  substance 
expressed  ta  molar  percentrages;  d  is  tre  density  of  the  solution,  c  is  the  dielectric  constant.  A,  B.  a  and  0  are 
constants  calculated  by  Hodcstratd'i  method. 

table  2  EVALUATION  OF  RESULTS 

On  comparing  our  experl- 
mertal  values  for  the  dipole  mom- 
er.ts  with  the  correspondirg  vector¬ 
ial  sums  of  the  bond  moments,  we 
see  that  in  the  ca^c  of  2-bromothio- 
pbere  (Pvcct.  =  ^  2.5-dihro- 

mothiophene  (Pyect  “  ^ 

moments  are  low.  as  had  already 
been  observed  for  2-bromofuran  and 
2.5-dibfomofurar.  [Ij. 

«  » 2  93;  0  *  0  889;  o  =3  06:  S~  0  901; 

l*a>  *'7100  Average  =  72.34  Po  =7ail 


Substance 


I  2  Eromothio  phene 
j  2.5-Dibromothiophene 
j  5-Broroo-27nitrofiaan 
j  5*Nitro-2'furaldehyde 


72  34 
65.50 
391  86 
273.64 


31.96  j  3.42 


4S3 


TABLE  3 


2 . 5-Dib  ro  .mothicri^e ! 

rre  tv^rified  bv  distillation 'i  2.5-Dibromothiopnene  purified  through  the  mercury 

derivative 

No.  ‘  m  1 

1  d 

m 

d  1 

c 

<  j 

0  t  0  j 

1  0.87284 

■  2.2714 

j  0  j 

0 

0.87280 

2.2714 

1  j  0.CS52  j 

,  0.57419 

:  2.2736 

1 

!  0.082C 

0.87394  1 

2.2733 

2  1  0.3108  1 

1  0.87781 

j  2.27&1 

2 

0.3149 

1  0.87767  ; 

2.2781 

3  :  0.4856  1 

0  88068 

.  2.2817 

3  1 

1  0.4S59 

i  0.88040 

2.2815 

4  1  0.6435 

0.88312 

’•  2.2849 

4  1 

0.6833 

:  0.88327  | 

2.2852 

5  jo  8310  1 

0.C8608 

.  2.2887 

1  Exuap. 

(1.0000) 

•  (0.88861)  i 

(2.2928) 

Exuap|(1.00CC) 

1(0.88876) 

1 

.(2.2929) 

i 

A  =  0.34101: 

:  B  = 

14  7037; 

A  =  0.34107 

;  B  «  14.7061: 

a  =2.150; 

B  = 

1.592: 

a  =2.140: 

B=  1.591: 

P„  =  65.56. 

**00  “ 

65.45 

TABLE  4 


Average:  Pq,  =  65.50 


TABLE  5 


5-Bromo-2-nitrofuian 

5-Nitrc-2*furaldehyde 

No. 

!  m  I  d  !  < 

No.  ^ 

1  m 

1  d 

c  n 

a 

5 

0 

"1 - ^ - 1 - 

0  0.8726612.2714 

0 

0 

0.87273 

1 

2.2714 

16.65 

1  0.633 

1 

0.1793  0  87468  '2.3150 

1 

0.1201 

0.87355 

2.2915 

16.74 

0.633 

2 

10.2832  C  87587  ! 2.3406 

2 

0  2694 

0.87443 

2.3171 

16.96 

1  0.631 

3 

•0.4114  0  87737 '2.3721 

3 

0.4201 

0.87542 

2.3432 

17.09 

;  0.640 

4 

5 

1  0.5285  0  87877. 2.a010 

•0.6631  0.88029  2.4342 

4 

0.5266 

j  { 

0.87604 

i 

2.3620 

17.20 

;  0.629 

i 

t 

Extrap  (l.OOOC)  (O.S8426)(2.5174) 

A  =0.3410.,;  8=  14.7067: 

a  =24.60:  5  =1.160: 

P<30  =391.86, 

i 

A  =  34106. 

P<30  =  273.64. 

B  =  14.7056. 

.The  moment  of  5-bromo*2-niirofuran  is  found  to  have  a  considerable  exaltation  (Myect.  *  2.72,  a  dif¬ 


ference  of  1.45).  i.e.,  Ln  this  case  also,  the  nitro  group  brings  about  a  considerable  increase  of  the  moment. 


For  nitrofiiraldehyde  die  vector  sums  vere  calculated  for  tv/o  different  positions  of  the  carbonyl  group: 

"  <  and 

”  (10  ^ 


PiN' 
(0 


In  the  case  of  (!)  the  vector  sum  is  1.11  D;  in  case  (11)  it  is  4.31  D.  The  magait  jde  of  the  mo'Tient  ob¬ 
tained  bv  measoroment  (3  42  D)  shows  that  internal  rotation  is  here  possible. 

In  all  cases  the  vector  sums  were  calculated  with  magnitudesof  bond  moments  taken  from  aliphatic  deri¬ 
vatives:  Pc-g.  =  2.00  D:  p  jjo.  "  3*40D;  p^-O  "  ^  moment  of  thiophene  is  0.60  IX  the  .moment  of 

furan  is  0.71  D.  The  angle  at^ich  the  vectors  are  inclined  to  the  ring  moment  is  78.5*  for  thiophene  and  72*  ft 
furan. 

SUMMARY 

1.  The  dipole  moments  were  measured  of  2-bromothiDphcne(l.36  D),  2,5-dibromothiopl)ene  (1.08  D), 
5-bromo-2-nitiofican  (4.17  D)  and  5-nitro-2-furaldehyde  (3.42  D). 

2.  The  obtained  magnitudes  of  the  dipole  moments  were  compared  with  the  corresponding  vector  sums 
of  the  bond  moments 


for 


3.  It  is  noteworthy  that  the  dipole  iTioments  of  bromo  derivatives  of  thiophene  are  low  In  comparison  with  die 
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vector  sum.  The  same  observation  was  made  for  bmmo  derivatives  cf  furan.  The  njtnent  of  ?-bromO"5- 
nitrofuran  is  low  in  relation  to  the  vector  sum.  Internal  rotation  1$  possible  in  the  case  of  5-aittofuralde- 
hyde. 
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REACTION  OF  QUATERNARY  SALTS  OF  HETEROCYCLIC 
BASES  WITH  AROMATIC  NITROCHLORO  COMPOUNDS 

L.  M.  Yigupoltky  and  M.  S.  Marenets 

A.  L  Kiprianov  and  F.  S.  Babichev  [1.2]  found  that  methine  bases  of  the  thiazole  series  differ  from  the 
methine  bases  of  other  hetercyclic  nitrogen  compounds  in  reacting  with  alkyl  halides,  a-halodiketones  and 
acid  chlorides. 

We  were  interested  in  esublishing  how  methine  bases  of  the  thiazole  series  would  react  with  picr^ 
chloride  and  similar  compounds. 

Wizinger  and  Coenen  (3)  investigated  the  reaction  of  aromatic  nitrochloro  compounds  with  methine 
bases  of  the  pseudoindole  and  quinaldine  series.  The  reaction  was  performed  by  heating  a  mixture  of  the  ben¬ 
zene  solutions  of  the  methine  base  and  the  aromatic  nitrochloro  compound  and  proceeded  with  formation  of  a 
deeply  colored  product:  only  half  of  the  methine  base  enters  into  the  condensation,  the  other  half  forming  a 
quatelnary  salt. 

We  synthesized  preparations  1  to  6  (see  Experimental)  and  found  that  methine  bases  of  the  thiazole 
series  react  with  picryl  chloride  in  the  above-described  conditions  in  a  similar  manner  to  the  quinaldine  bases. 


For  the  synthesis  of  such  dyes,  however,  it  is  much  more  convenient  to  take  the  quaternary  salt  and  to 
conduct  the  reaction  in  a  medium  of  absolute  alcohol  in  presence  of  triethylamine  In  the  majority  of  cases 
the  dyes  are  then  sepiarated  in  the  crystalline  form.  Yields  for  derivatives  of  thiazole  and  benzothiazole  reach 
80*90^  of  the  theoretical.  » 


Methylplcryl  sulfide  and  triniiroanisole  also  enter  into  the  condensation  reaction  with  quaternary  salts 
nf  haute  Th«  rsaz-titMi  nmr^^dc  irrordlnii  to  the  followins  schemei 


The  yields  of  dyes  (1)  in  this  reaction  likewise  reach  80*50^  of  the  theoretical. 


TABLE  1 

I  Position  of  jX,nax  (‘O 

‘  _  substituent  in  benzene 


H 

N<^  1 

N(CH,), 

OCH,  j 

CF, 

table  2 

i  -  1 

1  6  1 

1  6  , 

1  5  i 

1  5 

1 

552 

533 

599 

560 

535 

IV.  R 

max  (w 
in  benzene 

E-  lO"* 

CH, 

H  1 

552  1 

3 

C,H, 

H  ! 

554 

h“ 

CH, 

CH,  1 

605  j 

1.25 

CH, 

c«H,; 

•  606  1 

C|H, 

a  1 

605  1 

CtH*j 

i 

CH,  i 

i 

610  1 

! 

Applying  these  methods,  we  synthesized  a  series  of  preparatioiu 
containing  various  substituents  in  the  benzene  ring  of  benzothiazole. 
Introduction  of  electropositive  substituents  brings  about  a  shift  of  the  ab¬ 
sorption  maximum  in  the  direction  of  long  waves,  while  electronegative 
substituent!  cause  a  shift  in  the  short-wave  direction.  This  is  seen  from 
Table  1. 

In  addition  to  picryl  chloride,  we  condensed  dinitrochlorobenzene 
and  3,5-dlnitro-4  chlorcbenzotrinuoride  with  3-methyl-2-methyleneben20- 
thiazoline  The  absorption  maxima  of  the  dyes  prepared  from  these 
compound!  (see  Experimental,  preparations  4  and  5)  are  shifted  in  the 
short-wave  direction  by  comparison  with  the  preparation  derived  from 
picryl  chloride. 

N*CthyIbenzothiazoloneimine  (II)  reacts  with  picryl  chloride  in 
a  similar  manner  to  the  methine  bases: 


II 
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The  absorption  maximum  of  the  dye  (III) 
$0  obtained  1$  shifted  100  mp  In  the  direc¬ 
tion  of  the  short  waves  in  relation  to  prep¬ 
aration  L 

Wizinger  and  Coenen  [3]  observe 
that  roethine  bases  conuining  substituents 


in  the  methylene  group  are  incapable  of  reaction  with  picryl  chloride. 


We  found,  however,  that  methine  bases  and  quaternary  salts  of  2-ethylbenzothiazole  and  2-«tiiylben- 
zoselenazole  react  with  picryl  chloride.  Also  capable  of  condensation  with  picryl  chloride  are  quaternary 
salu  of  2-chloron)ethyl-  and  2-n-iHopylbenzoduazole. 

It  is  interesting  that  the  resultant  preparations  (IV): 


have  a  considerably  deeper  color  than  compounds  in  which  R'=H.  as  shown  m  Table  2. 

Preparations  in  which  R*=H  have  a  reddish-violet  color:  replacement  of  the  hydrogen  of  the  methine 
group  by  CHy.  CyHy  and  Cl  leads  to  compounds  with  a  dark-blue  color. 

The  cause  of  such  a  sharp  color  change  of  the  dyes  is  evidently  the  development  of  steric  hindrances 
srhich  make  ttic  molecules  of  the  dye  noncoplanar. 

It  is  InteiestLng  that  in  the  case  of  preparations  in  which  R'  =  Cl.  CHy  or  CyHy,  the  absorption  maxima 
are  identical.  Unlike  the  salt-forming  polymethine  dyes  investigated  by  A.  L  Kiprianov  aral  L  K.  Ushenko  [4, 
5]  s^ich  are  characterized  by  steric  hindrance,  the  preparations  described  in  the  present  paper  are  nonsaltform¬ 
ing. 

Compounds  containing  substituents  in  the  methine  group  possess  a  lower  molecular  extinction,  are  much 
more  easily  decolorized  in  light,  and  have  a  lower  m  p.  than  unsubstituted  dyes.  These  properties  are  charac¬ 
teristic  of  preparations  possessing  a  noncoplanar  structure  [61 

The  authors  express  tiMiir  profound  thanks  to  Prof.  A.  L  Kipriar>ov  for  valuable  observations  and  advice. 

EXPERIMENTAL 

2-Chloromethylbenzothiazole  ethochlorlde 

A  solution  of  3  g  N-ethyl-o-aminodilophenol  in  5  ml  benzene  was  poured  dropwise  into  a  solution  of 
3.6  g  chloroacetyl  chloride  in  4  ml  benzene  with  cooling  and  stirring  The  bottom  layer  of  oil  was  washed 
with  benzene  and  ether  and  allowed  to  starxl  in  a  vacuum  desiccator.  After  4  hours  the  oil  had  solidified. 

Yield  of  crude,  warned  product  3  3  g  or  70^  of  theory.  Ihe  salt  was  purified  by  crystallization  from  a  mix¬ 
ture  of  alconcl  and  ether  White  needles,  m  p.  169-172*  with  decomposition 

Found  Cl  28  33.  28  37  C|yHuSSCl,  Calculated  ‘Jfc;  Cl  28.62. 


Synthesis  of  Dyes 

1.  3-Methy]-2-:rinitrophenvl-methvlenebenzothiazollne 
Thu  preparation  was  synthesized  by  four  methods  for  comparison. 

a)  0.9  g  of  2-methylbenzothiazolc  methylmethosulfate  was  dissolved  in  10  ml  water  a’‘d  mi«ed  in  a 
'separating  f.^nnel  with  15  ml  benzene  and  0.6  g  solid  NaOH  The  mixture  was  agitated.  tr,e  benzene  solution 
of  the  mctnlnc  base  was  separated  and  dried  for  a  sho^  time  with  anhydrous  NayS04.  and  iner  a  solution  of  0.4  g 
P*cryl  chloride  in  10  ml  benzerre  was  added  to  it  The  mixture  was  heated  for  an  hour  or  tne  water  bath.  The 
qisatemary  salt  was  filtered  off  ard  the  benzene  solution  was  concentrated.  The  dye  that  separated  on  coding 
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was  crystallized  from  benzene  witfi  addition  of  edier.  Greenish  prisms  melting  at  202-203*  witit  decomposition.* 
^raax  in  benzene  652  mp.  Yield  0.25  g  or  42^  of  the  theoretk;aL**E'  10"*  3, 

Found  •••  N  14.83.  14.78.  CbHuO,N4S.  Calculated  N  14.97. 

b)  0,25  g  2-methylberaodiiazole  ireihylmrthosulfate  and  0.22  g  picryl  chloride  %«ere  dissolved  in  5  ml 
absolute  alcohol  by  heating.  Into  the  mixture  was  stirred  a  solution  of  0.2  g  triethylamine  in  2  ml  alcoboL  The 
mixture  was  allowed  to  stand  for  10  minutes  and  then  cooled.  The  dye  was  filtered,  washed  repeatedly  widi 
water,  alcohol  and  ether  and  dried  in  a  vacuum^desiccator.  M.p.  201-202*  with  decomposition.  A  mixed 
sample  with  the  preparation  obtained  by  method  a)  did  not  give  a  m.p.  depression.  Yield  0.3  g  or  88^  of  theory. 

c)  0.25  g  2-methylbenzothiazole  methylmethosulfate.  0.24  g  mcthylpicryl  sulfide  p]  and  0.2  g  triethyl¬ 
amine  were  mixed  and  treated  as  in  method  b).  During  Ae  reaction  the  mercaptan  separated.  Yield  of  washed 
product  0.28  g  or  82.3^  of  theory.  M.p.  200-201*  with  decomposition.  No  depression  in  mixed  m.p.  test  with 
the  preparation  obtained  by  method  a). 

d)  0.5  g  2-methylbenzothiazole  methylmethosulfate.  C.23  g  uiniuoanisole  and  0.2  g  uiethylaraine  were 
mixed  and  treated  as  for  method  b).  The  yield  of  washed  pioduct  was  0  27  g  or  79.4^  of  theory.  M.p.  199-200* 
with  decomposition.  A  mixture  with  the  preparation  obtamed  by  method  a)  did  not  show  a  m.p.  depression. 

2.  3-Methyl-6-nitro-2-trinitrophenyl-methylepebenzothtazoline 

0.5  g  3-methyl-6-mtro-2-methylenebenzothiazoline  [1]  was  dissolved  in  20  ml  nitrobenzene  and  a  solution 
of  0.3  g  picryl  chloride  in  10  ml  nitrobenzene  was  added.  The  mutate  was  heated  for  ll^houis  on  the  water 
bath.  The  quaternary  salt  was  filtered  off,  and  from  the  nitrobenzene  solution  a  dye  was  crystallized  in  the 
form  of  greenish-black  prisms  with  a  metallic  luster.  After  washirg  with  water,  alcohol  and  ether  the  m.p. 
was  215*  with  decomposition.  benzene  533  mp  .  Yield  0.32  g  or  64<^  of  the  theoretical. 

Found  N  16.63.  Calculated  N  16.70. 

3.  3-Methyl-2-trlnitrophenylmethylene-a-naphthothiazollne 

A  solution  of  0.7  g  3-methyl-2-methylene-a-naphthothiazoline  [1]  in  20  ml  benzene  was  mixed  with  a 
solution  of  0.4  g  picryl  chloride  in  10  ml  benzene  and  heated  for  an  hour  on  the  water  bath.  The  product  after 
evaporation  of  the  benzene  solution  was  crystallized  from  toluene.  Black  crystals.  Yield  0.38  g  or  56*Jiof 
theory.  in  benzene  569  ir^.  M.p.  207-208*  with  decomposition. 

Found  io:  N  13.29.  Ci,Hu04N4S.  Calculated  N  13.52. 

4.  3-Methyl-2-(2*.4*-dinltrophenyl)-methylenebenzothia20line 

A  solution  of  3-mcthyl-2-methylenebenzothiazolLne  (prepared  from  1.1  g  2-inethylbetuothiazole  meihyl- 
methosulfate)  in  15  ml  benzene  and  0.4  g  2.4-dir.itrochloroben2enc  in  8  mi  oenzene  was  boiled  on  the  water 
bath  for  3  hours.  The  quaternary  salt  was  filtered  off  and  ihe  bet'zene  solution  was  concentrated.  The  dye 
that  came  down  on  cooling  was  crystallized  from  benzene.  Blact.  needles  with  m.p.  243-244  with  decomposition 
X^^^  502  mp.  Yield  0.19  g  or  29‘5b  of  ♦he  theoreticaL 

Found  N  12.50  Ci5Hii04N,S.  Calculated  N  12.76. 

5.  3-Methyl-2-(2*.6‘-dinitro-4*-trifluoromethvlphenyl)-meth>lenebet*20thiazoltne 

A  solution  of  3-methyl-?.-methylenehenz0thia2oline  (prepared  from  1.1  g  2-mcthylbenzothiazale  methyl- 
meihosulfate)  in  15  ml  benzene  and  0.54  g  3.5-dinitro-4-chlorobenzotrifluotidc  in  8  ml  benzene  were  boiled  on 
the  water  bath  for  ^^hours  The  dye  that  separated  after  evapmaiion  of  the  benzene  solution  was  crystallized 
from  a  mixture  of  benzene  and  ether.  Black  needles,  m.p.  1^-196*;  X,j,4x  510  mp.  Yield  0.27  g  or  35 ‘9#  of  the 
theoreticaL 

Found ‘Jfc:  N  10  33.  Cj,Hi,04N,SF>  Calculated  N  10.56, 


•  All  the  dyes  described  in  this  paper  are  readily  soluble  in  benzc»H:,  le>,  >c*luM€  in  chJoroform  ariC  duhl-  roti  .ane 
poorly  soluble  in  ether  and  almost  insoluble  in  alcohol. 

••  The  yields  of  dyes  arc  calculated  on  the  picryl  chloride. 

•  Before  analysis  all  the  ptepaxations  were  dried  in  vacuum  for  2  hours  at  8u  . 


•  * 


TABLE  3 

Prep. 

No. 

1 

1 

Formula  of  dye  |  Amount  of  quaternary  salt 

(ing) 

i  .  1 

’  1 

Aromatic 

nitro  com- 
pound  (g) 

i 

Method  '  Condensation 
of  prep.  ;  Amt.  of  abs. 

’  alcohol  (ml) 

7  !  (CH,),N^' 


t=CH-R' 


8  FjCS, 


-S 

I 

C=CH-R 

/ 


.=CH-R 


^C=CH-R 

I 

CH, 


C=CH-R 


H,C-C  C=CH-R 

I 

CH, 


I  I  1 

I 

CH, 

S  C.H. 

CH, 


-  i 

Amount  of  quaternary  j 

salt  (in  g)  1 

0.28 

Methyl - 
picryl 

1  sulfide 
0.22 

2-Methyl-€-trifluoro- 
methylmercaptobenzo* 
thiazole  methoiodide 

0.13 

Picryf 

I  chloride 
0.08 

2-Me  ihyl-5-m  ethioxy- 
benzothiazole  methyl-  ' 

methosulfate  ^ 

0.15 

Picryl 
\  chloride 

1  0.12 

2-Methyl -S-trifluoro- 
methylbenzothiazole  | 

methoiodide  j 

0.2 

i 

Methyl - 
1  picryl 
j  sulfide 
0.15 

1 

2-Methylbe  nzothiazole 
pheno  iodide 

0.25 

i 

1  Methyl- 
plcryl 
sulfide 
0.18 

2 . 4 -D  Im  ethyl  th  iaz  ole 
methylmethosulfate 

0.48 

Picryl 

chloride 

0.5 

2 -Ethy  Ibc  ".zothtazole 
methylmethosulfate 

0.86 

Plcrvl 

chloride 

0.74 

J 

2  Propylberzothiazole 

0.37 

Picryl 

chloride 

0  3 

i  IS 


conditions 


1N(C,Hs), 

i  (8) 


•  7 


<0.2 


;0.07 


heating 

JiSiSL. 


8 


0.1 


0.15 


0.2 


:o.4 


0.6 


0.25 


Solvent  foi 

Yield 

Appearance 

^raax. 
(mp)  in 

benzene 

M.p.  with 

crystal¬ 

lization 

C5») 

decomp. 

9 

10 

11 

12 

13 

Mixture  of 

benzerK 
and  ether 

81 

Black  crystals 

599 

206-207 

Alcohol 

1 

78 

Bronze  crysuls 

550 

201-202 

! 

i 

1 

Benzene 

81 

Green  crystals 

560 

■ 

i 

! 

£01-202  . 

Mixture  of 

1  benzene 
|and  ether 

83 

' 

Bronze  needles 

535 

1 

209-210 

1 

Benzene 

' 

79 

Black  crystals 

. 

• 

■ 

1 

554 

1 

t 

: 

'204  205 

1 

\ 

Benzene 

82 

• 

. 

C’een  crystals 

550 

■ 

I 

1 

189^190 

1 

jBenzene 

83 

• 

Violet  crystals 

1 

1  605 

• 

155-156 

! 

1 

1 

I 

Benzerje 

86 

Violet  crystals 

» 

605 

153-154 

Found 

IkN 


14 


16.85 


11.56 


Calculated 


Empitical 

formula 


15 


CnHuO^S 


C*,H/5^4S,F, 


12.81 


12.62 


16 


16.78 


11.81 


C**HuO,N4S 


Ci,HAN4SF, 


C„Ha04N4S 


14.28 


13.75 


CuH;405N4S 


13.86 


12.67 


12.84 


16,76 


C,tHuOeN4S 


14.43 
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•  The  authors  thank  F.  S.  Babichev  for  putting  the  quaternary  salts  of  benzoselenazole  at  their  disposal. 


6.  3-Ethyl -2 -trin it rophenylbenzothiazoloneimlne 

A  solution  of  0.6  g  3"<thylberzotMazo!orieimlne  in  15  ml  benzene  and  0  42  g  picryl  chloride  in  8  ml  benzene 
was  boiled  on  the  i»ater  bath  for  ar.  tour  The  precipitated  2-aminober.zothiazole  e’hochloride  was  filtered  off.  and 
the  benzene  solution  was  conce.nuated.  The  dye  that  came  down  on  coolirg  was  crystallized  from  benzene.  Stout 
yellow  crystals  with  m.p.  194*;  430  m  p.  Yield  0.4  g  or  61.5^  of  the  theoretical. 

Fouiidl*:  N  n.86.  17.77.  Cj«HaO,NjS.  Calculated  N  17.99. 

All  the  remaining  dyes  were  prepared  r^r  from  the  methine  base*  but  directly  from  the  quaternary  bases  as 
for  preparation  1  by  methods  b)  or  c). 

TTie  conditions  of  their  preparation  and  their  propertie*  are  presented  in  Table  3.  All  the  compounds  were 
analyzed  for  nitrogen  with  exception  of  preparation  16.  ir  which  tfie  chlorirje  was  determined. 

SUMMARY 

1.  18  dyes  were  synthesized  by  cordensa^ioi  of  the  met.htnc  bases  and  quaternary  salts  of  heterocyclic 
bases  with  aromatic  nitrochloro  compcurds. 

2.  It  b  shown  Aat  methylpicr]^  sulfide  and  trinitroariscle  enter  into  die  condensation  reaction  with 
quaternary  salts  of  heterocyclic  bases. 


\ 
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_ _ _ 

1 - — , 

_ _ 

8  !  9  1 

10 

11  } 

12  1 

13  1 

14 

15 

16 

1 

iO.2 

i 

1 

1 

2 

! 

[  Benzene 

82 

Violet  needles  | 

010 

-  M  ■  4 

151-152  1 

i 

13.72 

13.75 

C„HmP^.:S 

13.93 

1 

1 

0.24 

2  ! 

i 

Mixture  of 
benzene 
and  ether 

60 

Black  crystals  ^ 

1 

j 

1 

605 

j 

j 

1 

1 

145-147 

1 

i 

8.15  : 
8.28 
(Cl) 

1 

C|(HjjO(N^SCl 

J 

i 

j 

8.42 

(Cl) 

1 

1 

i 

1 

1 

■0.2 

! 

1 

1 

* 

1 

1 

( 

i 

!  Washed  with 
hot  alcohol: 
crysuUiza- 
^  tion  from 
benzene  ' 

i  j 

45 

1 

Black  crystals 

i 

1 

'560 

1 

i 

■  j 

i 

202-203 

1 

i 

1 

1 

1 

;  13  01  I 
1 

i 

CisHn04N4Se  1 

13.29 

i 

0.2 

1 

‘  1 

i 

2 

i 

! 

1 

1  Washed  with 
hot  alcohol; 
crysulliza- 
tion  from 
benzene 

1 

39 

j 

j  Black  crystals 

! 

• 

605  I 

155-156 

1 

i  1258 

1 

1 

CisHijOjN^Se 

» 

1 

12.87 

1 

1 

3.  Introduction  into  the  benzene  ring  of  benzothiazole  of  electropositive  substituents  causes  a  shift  of  the 
absorption  maximum  of  the  dye  in  the  long-wave  direction,  introduction  of  electronegative  substituents  shifts 
the  absorption  maximum  toward  shorter  wave  lengths. 

4.  Replacement  of  the  hydrogen  in  the  methylene  group  of  a  dye  by  CMj  CjHj.  and  Q  leads  to  a  marked 
deepening  of  color.  This  color  change  is  evideitly  due  to  steric  hindrai  ce  which  re’*ders  the  molecule  of  the 
dye  noncoplanar. 
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BENZOTHIAZOLE  DERIVATIVES 

IV.  SYNTHESIS  OF  DERIVATIVES  OF  2-AMINOBENZOTHIAZOLE-5.6-  AND  -C.l-DICARBOXYLIC  ACIDS 

I.  A.  Solovyeva  and  G.  I.  Arbuzov* 


In  the  thiocyanation  of  ainines  of  the  benzene  series  containing  various  uibstituents  in  the  para^sition, 
the  thiocyanogen  group  easily  enters  the  para-position  to  the  ajninc  group.  In  the  majority  of  cases  die  so-formed 
o-a:ninothiocyanobenzenes  have  poor  stability  and  readily  isoinerize  to  derivatives  of  2-aininobenzothiazoIe. 

This  process  goes  especially  rapidly  in  an  acid  medium  at  elevated  temperature  [1.2.3.41. 

It  was  a  matter  of  interest  to  study  the  processes  of  thiocyanation  and  ring-closure  of  the  obtained  o-thio- 
cyanoa.-.ino  co.iipounds  into  derivatives  of  2-aminobenzothiazoles  in  the  case  of  3.4*disubstituted  anilines. 


In  this  case  for  nation  could  be  expected  of  two  isomeric  thiocyano  derivatives  which  would  then  give 
the  corresponding  two  2-aminobenzothiazoles. 

We  studied  this  reaction  with  reference  to  the  dimethyl  ester  of  4-aminophthalic  acid  (R,  Rj  »  CCXXIH3). 
thiocyanation  being  effected  by  adding  bromine  to  the  acetic  acid  solution  of  the  amine  in  presence  of  2.4  rxxilet 
of  potassium  thiocyanate  at  *“3  to  —4*  [1]. 

In  this  way  we  obtained  two  iso.neric  dicarbomethoxy-2  aminobenzothiazoles  with  melting  points  of 
233-234*  and  180-181*  (m  yields  of  '<8  and  21.5*3^  of  the  theoretical. respectively).  Separation  of  the  isomeis 
was  readily  effected  by  taking  advantage  of  the  considerably  lower  solubility  in  ethyl  alcohol  of  the  dicarbo- 
methoxy-2-aminoben20thiazole  with  m.p.  233-214*. 

Consequently  in  the  thiocyanation  of  the  dimethyl  ester  of  4-aminophthalIc  acid,  the  SCN  group  enters 
at  both  of  the  ortho  positions  to  the  amino  group. 

Saponification  of  the  isomeric  dicarbomethoxy-2-aminoben20thiazole$  (I  and  I|  readily  gave  the  free 
2-aminobenzothiazolc  dicarboxylic  acids.  These  compounds  do  not  have  a  definite  melting  point  and  are  very 
sparingly  soluble  in  organic  solvents  (slightly  more  soluble  in  pyridine). 

For  the  determination  of  their  structure,  the  compounds  were  heated  with  concentrated  KOH  solution  at 
110-150*  until  ammonia  ceased  to  come  off.  and  the  resulunt  aminomercaptophitafc  acids  were  converted,  by 
reaction  with  a  salt  of  chloroacetic  acid,  into  the  corre>pondirg  2-aminodicarboxyphenylmercaptoacetic  acids 
which  we  isolated  in  the  form  of  the  acid  potassium  salts.  In  an  acid  medium,  like  other  similar  compoinds 
[5.  ".71.  these  salts  are  extremely  unstable  and  readily  lose  water  to  give  the  corresponding  lactams  [derivatives 
of  3-hydroxy-1.4-bcnzothiazine  (V).  (VI)). 


•  Deceased. 
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When  heated  with  acetic  annydiide  or  caustic  alkalies  (8.91.  the  o-carboxyarylnoercaptoacetic  acids  readily 
undergo  Intramolecular  condensation  with  formation  of  derivatives  of  3-hydroxythlonaphthene,  which  are  convert* 
by  oxidation  into  thk>icdigoid  dyes  [7.91 

Out  of  tiie  2-aminodicarboxyphenylmercaptoacetic  acids  prepared  by  us,  only  the  5,6>dlcarboxy  derlvatlv* 
(ni)  could  form  a  3-hydroxythionaphtheoe  derivative  by  tills  reaction,  and  therefrom  the  thloindlgold  dye  (VII). 


The  ptepared  aminodicatboxypher.ylmercaptoacetic  acids  were  heated  with  acetic  anhydride  In  presence 
of  sodium  acetate:  tire  reaction  mixture  was  made  alkaline  and  to  the  filtered  solution  was  added  a  solution  of  . 
potassium  ferricyanide. 

In  the  case  of  the  substituted  mcrcaptoacetlc  acid  synthesized  from  the  dimetiiyl  ester  of  2-amlnobenzothl* 
azole  dicarboxylic  acid  vrith  m.p.  180-181*.  heating  with  acetic  anhydride  resulted  In  evolution  of  carbon  dioxide. 
whQe  during  oxidation  of  the  obtained  solution  the  color  changed  from  yellow-brown  to  deep  bluc-red.  Acidification 
of  this  solution  brought  down  a  precipitate  of  a  dye  whose  composition  corresponded  to  4.4**dicarboxy-7,7*’diamlno* 
thioindlgo. 

When  the  isomeric  2-amlnodicarboxyphenylmercaptoacetic  acid,  prepared  from  the  dlnriethyl  ester  witii 
m.p.  230-234*.  was  treated  similarly,  no  carbon  dioxide  came  off;  nor  was  formation  of  a  dye  observed  when 
potassium  ferricyanide  was  added  to  the  alkaline  solution  cf  the  reaction  product. 
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In  the  light  of  Hiese  data  we  may  claim  to  have  established  that  2*aminodicaibomethoxybenzothi*zole 
with  m.p.  180-181*  is  the  6.7-dicarbomethoxy  derivative  (I).  Accordingly  tht  product  melting  ai^233-234*  will 
have  structure  (IQ. 

EXPERIMENTAL 
(in  collaboration  with  A.  G.  Guseva) 

Dimethyl  Esters  of  2-Aminobcnzothiazole-^6dicaTboxylic  acid  and  of  2-aminoben2odiia20le-^7dicarboxyllc 

acid  * 

A  mixture  of  10.45  g  dimethyl  ester  of  4-aminoptbalic  acid  (0.05  mole)  and  12  g  potassium  thiocyanate  (0.12 
mole)  was  dissolved  in  75  ml  95^  acetic  acid,  and  into  the  resultant  solution  was  stined  at  “3  to  ”4*  a  solution  of 
10  g  bromine  (0.06  mole)  in  15  ml  95^  acetic  acid  over  a  petiod  of  20  minutes.  The  reaction  mass  was  stirred  for 
2  hours  and  left  overnight.  The  liquid  was  then  diluted  with  200  ml  water,  filtered  from  the  small  precipitate  and 
neutralized  with  aqueous  ammonia.  The  light-yellow  piecipitate  was  filtered,  washed  with  water  and  dried.  Weight 

9.95  g  (7^  of  the  theoretical).  M.p.  180-210*.  The  precipitate  was  crystallized  from  200  ml  ethyl  alcohoL  Yield 
5.0  g  (38%  of  the  theoretical).  KLp.  228-230*. 

For  the  purpose  of  analysis  the  product  was  twice  recrysullized  from  ethyl  alcohol.  Colorless  needles.  , 
readily  soluble  in  acetone,  ethyl  alcohol  (boiling)  and  acetic  acid:  sparingly  soluble  in  cold  ethyl  alcohol,  very 
sparingly  soluble  in  ber.zene  arid  ether.  M.p.  233-234*. 

Found  %:  N  10.59.  CaH^O^NiS.  Calculated  %:  N  10.53. 

The  alcoholic  filtrate  was  evaporated  to  a  volume  of  10  ml  and  the  precipitate  was  filtered  and  dried. 

Weight  2.85  g  (21.5%  of  the  theoretical).  KLp.  170-172*. 

For  the  purpose  of  analysis  the  compound  was  twice  recrystallized  from  ethyl  alcohol.  Yellowish. plates. 
Readily  soluble  in  ediyl  and  methyl  alcohol,  acetone  and  hot  acetic  acid:  almost  insoluble  in  ether  and  benzene. 
M.P.  180-181*. 

Found  %:  N  10.41.  CuHi^4N,S.  Calculated  %:  N  10.53. 

2-AmLiobenzothiazole-5.6-dlcarboxylic  acid 

2.66  g  dimethyl  ester  of  2-aminohenzothlazole-5.6-dicarboxylic  acid  with  m  p.  233-234*  (0.01  mole) 
and  a  solution  of  3.4  g  KOH  (0.06  mole)  in  170  ml  water  were  refluxed  for  2j’  hours.  The  alkaline  solution  was 
filtered  and  acidified  with  hydrochloric  acid  until  the  reaction  to  Congo  was  sharply  acid.  After  30  minutes  the 
colorless  precipitate  was  filtered  off,  mixed  with  100  ml  hot  water,  again  filtered,  washed  on  die  filter  with 
hot  water  and  dried.  Yield  2.14  g  (90%  of  the  theoretical).  Colorless  crysialline  powder.  Almost  L-isoluble  in 
common  organic  solvents,  fairly  readily  soluble  in  pyiidine,  readily  soluble  in  sodium  carbonae  solution. 

M.p.  above  300*. 

For  the  purpose  of  analysis  die  compound  was  purified  by  boiling  with  alcohol  and  by  two  re  precipitations 
from  sodium  carbonate  solution. 

Found  %:  N  11.88,  equivalent  120.20.  C,H<04l^S.  Calculated  %:  N  11.76;  equivalent  119.07. 

2-Amir.obenzothiazole-6.7-dicarboxylic  acid 

To  2.66  g  dimethyl  ester  of  2-amiiobenzothlazole-6.7-dicarboxylic  acid  with  m.p.  180-181*  (0.01  mole) 
was  added  a  solution  of  3.13  g  KOH  (0.056  mole)  in  150  ml  water,  and  die  mixture  refluxed  for  if  hours.  The 
alkaline  solution  was  filtered  from  the  small  precipitate  and  acidified  with  hydrochloric  acid  until  the  reaction  to 
Congo  was  sharply  acid.  After  30  minutes  the  colorless  precipitate  was  filtered,  stined  with  100  ml  hot  water,  again 
filtered,  washed  with  hot  water  on  the  filter  and  dried.  Yield  j2.19  g  (92%  of  the  theoretical). 

Colorless  crystalline  powder.  Almost  insoluble  in  the  usual  solverts,  rather  more  soluble  in  pyridine,  readily 
soluble  in  sodium  carbonate  solution.  M.p.  above  300*. 

For  the  purpose  of  a.^alysis  die  substance  was  purified  by  digestion  with  alcohol  and  by  two  reptecipitations 
from  sodium  carbonate  solutions. 

Found  %:  N  11.53.  equivalent  119.70.  C,H404NUS.  Calculated  %:  N  11.76;  equivalent  119.07. 
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Lactam  of  2-a  .nino-5.6-<iicarboxvphenvlmercaptoacetic  acid_ 

1  33  g  dimethyl  ester  of  2-aminobenzothiazole-6.7-dica:boxylic  acid  with  m.p.  180-181*  was  mixed  with  a 
solution  of  2.8  g  KOH  in  2.5  ml  water,  and  the  mixture  refluxed  for  3  hoars  on  an  oil  bath  wi*  gradual  rise  of  ^ 
temperature  from  110*  to  130*  (oil  temperature);  after  that.  heatLng  was  continued  in  the  open  flask  at  150-155* 
until  ammonU  c  eased  to  co  ne  off  (30'40  minutes).  To  the  cooled  mixture  was  added  a  solution  of  0.47  g  chloro- 
acetic  acid  and  0.28  g  KOH  in  3  ml  water,  and  the  mixture  heated  fc  30  minutes  on  the  water  bath  at  65-75*. 

To  the  cooled  solution  was  added  6.5  ml  glacial  acetic  acid  and  the  resultant  syrupy  mass  was  diluted  with  50  ml 
alcohol.  The  alcohol  was  decanted  off.  the  precipitate  of  the  acid  potassium  salt  of  2-amino-5.6-dicarboxyphenyl- 
mercaptoacetic  ac**  was  washed  with  absolute  alcohol  until  completely  crystallized,  rapidly  filtered,  and  dried  in 
a  vacuum  desiccator.  Weight  1.1  g.  The  product  was  very  hygroscopic  and  without  further  purification  was  used 
for  the  preparation  of  the  thioindigoid  dye. 

When  the  alkaline  solution  of  2-amino-5.6^icarboxyphenylmercaptoacetic  acid  was  acidified  with  hydro¬ 
chloric  acid,  ihe  acid  solution  deposited  on  standirg  a  precipitate  of  the  lactam:  this  was  filtered,  washed  with  water 
and  re  crystallized  from  hot  water.  Fi^-c  yellow  needles,  soluble  in  hot  water,  insoluble  in  alcohol,  ether,  benzene 
and  acetic  acid.  Sinters  at  above  300*. 

Found  «?).  N  5  36.  equivalent  125  8  Calculated  <5I»;  N  5  53.  equivalent  126.6. 

4.4'-Dicarboxy  7.7‘-diamir.othioindtgo 

To  1.1  gof  tta  acid  potassium  salt  of  2‘amino-5.6-dicarboxyphenylmercapioacetic  acid  was  added  3.2  ml 
acetic  anhydride  and  0.66  g  calcined  sodium  acetate,  and  the  mixture  was  boiled  for  45  minutes.  Carbon  dioxide 
came  off  during  the  treatment  To  the  cooled  reaction  mass  was  then  added  12  ml  20*J(>  N^OH  solution:  the 
solution  was  boiled  for  20  minutes,  cooled  and  filtered.  To  the  yellow-brown  filtrate  was  added  a  solution  of 
5  26  g  potassium  ferricyanide  in  20  ml  water,  the  color  of  the  solution  changing  to  blue-red.  The  mixture  was 
shaken  for  a  few  minutes  and  acidified  with  h>'drochloric  acid  until  acid  to  Congo.  The  red-brown  precipitate 
of  the  dye  was  filtered,  washed  with  water  and  alcohol  and  dried 

For  the  purpose  of  purification  the  dye  was  teprecipitated  from  sodium  carbonate  solution  with  hydrochloric 
acid,  filtered,  washed,  dried  and  recrystallized  from  ethyl  alcohol.  Light-brown  crysuls,  m.p.  210-212*.  Fairly 
good  solubility  in  methyl  and  ethyl  alcohol  and  acetic  acid:  less  good  in  acetone.  Insoluble  in  ether  and  benzene; 
readily  soluble  in  sodium  carbonate  solution. 

Found ‘Jb:  N  6. 98.  CMHt,0,N,S,.  Calculated  flb:  N  6.76. 

Lactam  of  2-amlno-4,5-dicarboxyphenylmercaptoacetic  acid 

To  1.33  g  dimethyl  ester  of  2  aml*:obcr.zothiazole-5,6  dicarboxylic  acid  with  m.p.  233-234*  was  added 
a  solution  of  2.8  g  KOH  m  2.5  ml  water  the  mixture  was  refluxed  in  a  flask  on  an  oil  bath  at  120-130* 

(oil  temperature)  for  4  hours  and  then  headed  In  the  open  flask  at  140-150*  until  ammonia  ceased  to  come  off 
(45-60  minutes).  To  the  cooled  mixture  was  added  a  solution  of  0  47  g  chloroacetic  acid  and  0.28  g  KOH  in  3  ml 
water,  and  the  mixture  was  heated  for  30  minutes  on  the  water  bath  at  65-70*.  To  the  cooled  solution  was  added 
dropwise  2  5-3  ml  glacial  acetic  acid  whe.n  a  precipitate  was  formed,  and  the  viscous  mass  was  carefully  stirred 
with  50  ml  alonhol  The  precipitate  of  the  acid  potassium  salt  of  2-amirio-4,5-dicarboxyphenylmercaptoacetic 
acid  was  filtered  off,  washed  a  few  times  with  alcohol  and  dried  at  80*.  Weight  1  22  g.  Readily  soluble  in  water, 
very  sparingly  in  ethyl  alcohol 

When  the  2-amlrocarboxyphenylmercaptoacetic  acid  was  heated  with  acetic  anhydride  in  presence  of  sodium 
acetate,  no  carbon  dioxide  was  evolved  When  the  reaction  mass  was  made  alkaline  and  treated  with  potassium 

fotmatio.n  of  a  dye  was  not  observed  O.?  acidification  with  hydrochloric  acid  of  the  alkaline  solution 
of  2-aminodicarboxyphcnylmercaptoaceiic  acid,  gradual  separation  (quicker  if  heated)  occurred  of  a  colorless 
precipitate  of  the  lactam  of  2  amirK>-4,5-dicarboxyphenylmercaptoacetic  acid  This  was  filtered  off,  washed  wi* 
water  and  recrystallized  from  hot  water  Fine  colorless  crystals  Readily  soluble  in  hot  water,  insoluble  in  alcohol, 
benzene,  ether  and  acetic  acid  Sinters  at  a  temperature  above  300*. 

Found  N  5  32.  equivalent  127  2  C,#H,70tNS  Calculated  N  5  53.  equivalent  126.6. 
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SUMMARY 


l.The  thiocyanation  of  the  dimethyl  ester  of  4-aminophthalic  acid  was  studied  in  a  medium  of  acetic  acid. 
It  was  shown  that  a  mixture  is  formed  of  the  esters  of  2-aminoben20ihia2ole-6,6-  and  -6,7-dicarboxylic  acids. 

2.  The  lactams  of  4.5-  and  5.6-dicarboxy-2-aminophcnylmercaptoaceiic  acids  were  prepared. 

3.  4.4’-Dicarboxy-7.7*-diaminothioindigo  was  synthesized  from  the  ester  of  2-an)iiiobenzodiiazole-6,7- 
dicarboxylic  acid. 
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COPLANARITY  OF  THE  DIMETH YLAMINO  GROUP  WITH  THE  BENZENE  RING 
AND  ITS  AUXOCHROMIC  ACTION.  I 

A.  I.  Kiprianov  and  I.  N.  Ztamurova 


The  influence  of  the  dimethylamino  group  on  the  color  of  a  dye  Is  associated  with  traiufer  of  tfje  &ee 
electron  pair  of  the  nitrogen  atom  to  the  benzene  ring  and  subsequently  to  a  conjugated  chain  [11  A  necessary 
ccHidition  for  such  an  electron  transfer  is  the  location  of  the  dimethylamino  group  in  the  same  plane  as  rtie 
benzene  ring.  If  a  volutoinous  substituent  is  introduced  into  the  ortho -posit  ion  to  the  diinethylamiix>  group, 
the  latter  moves  out  of  the  plane  of  the  ring  and  its  influence  on  tlie  color  is  partly  or  completely  eliminated. 

The  weakening  of  the  auxochromic  action  of  the  dimethylamiix)  group  due  to  introduction  of  a  substituent  ia 
the  ortho -position  has  been  described  by  I.  L  Levkoev  with  reference  to  cyanine  dyes  (2)  and  by  Remington  with 
reference  to  dialkylanilines  [3].  The  observations  of  I  1.  Levkoev  related  mainly  to  substituents  of  a  polar  character 
for  which  it  is  difficult  to  segregate  the  steric  effect  from  the  electronic  effects  We  have  investigated  thii 
phenomenon  in  cyanine  dyes  containing  bulky  alkyl  radicals  in  the  ortho-position  to  the  amino  groups.  To  a  first 
approximation  the  electronic  effect  of  such  radicals  may  be  neglected  Widi  this  objective  we  synthesized  a 
series  of  new  tetra substituted  thiacarbocyanines  with  the  general  formula: 


S  S - .-.R* 

1  »  •  • 

C — CH=CH — CH=C  _ 

X 

N 


Aik 


Aik 


where  R  =  NH,.  NHCOCH,  or  N(CH,),.  R’  =  CH,  or  QCH,)^  Aik  »  CH,  or  C,H,  .  X  =  anion  of  the  dye. 

The  absorption  maxima  and  the  molecular  extinctions  of  these  dyes  are  enumerated  in  Table  1.  For 
comparison  the  table  includes  data  for  some  previously  known  dyes  (1.2,4.7,10). 


TABLE  1 


No. 

1  R 

'  R* 

Aik 

l^max  in  mp 

1 

H 

■  ” 

CH, 

^  558  i 

16.5 

2 

H 

CH, 

C,H, 

i  5o3  1 

14.5 

3 

H 

C(CH,), 

CH, 

1  5:3  ! 

14.1 

4 

NHCOCH, 

:  H 

C,H, 

i  577  1 

5 

NHCOCH, 

CH,  I 

|C,H, 

i  575  i 

1  — 

6 

NHCOCH, 

■C(CH,),| 

iCH, 

'  588 

— 

7 

NH, 

•  H 

iCjH, 

j  596 

8 

NH, 

CH, 

C,H, 

!  594 

9 

NH, 

C(CH,), 

|CH, 

!  592 

* 

10 

N(CH,), 

'  H  ! 

CjH, 

;  cos 

I  8.2 

11 

N(CH,), 

CH,  ‘ 

C,H, 

1  575 

10.1 

12 

N(CH,), 

C(CH,),jCH, 

j  570 

14  1 

are 

The  absorption  curves  of  preparations  1,2.3.10.11  and  12 
shown  in  Fig.  1. 

Fig.  1. 

In  themselves  the  alkyl  groups  R*  exhibit  little  influence  on  the  absorption  (preparations  1.2.3).  Sd>sututioa 
of  the  hydrogen  atoms  in  die  5,S'-position  by  dimethylamino  groups  sharply  shifts  the  absorption  curve.  The 
absorption  maximum  is  disnlaced  into  the  long-wave  part  of  die  spectrum  to  the  extent  of  50  m  p.  the  absorptioo 
band  is  broadened,  and  iu  intensity  lowered  (10)  The  red-violet  color  of  the  alcoholic  solution  of  the  dye  changes 
to  dark-blue.  If.  however,  methyl  radicals  are  introduced  in  the  6. 6 ’-posit ion.  i.e.  in  the  ortho-position  to  the 
dimethylamino  groups,  then  the  influence  of  the  dimethyla.mino  groups  is  partly  paralyzed  as  it  were 


The 
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absorpTioQ  luaxiniuni  of  the  correspondiiig  preparation  (11)  differs  from  that  of  the  unsubstituted  diiacaibocyanine  by 
only  12  rap,  the  absorption  intensity  increases,  and  in  alcoholic  solution  the  dye  acquires  a  violet  color.  Replace^ 
raent  of  tiie  two  methyl  groups  by  two  tertiary  butyl  groups  causes  the  absorption  curve  to  approach  still  tnore 
closely  the  curve  of  the  unsubstituted  thiacaibocyanine.  In  this  case  the  difference  in  the  positions  of  the  absorption 
maxima  is  7  mp,  and  if  we  compare  such  a  tetra substituted  dye  (12)  with  the  disubstituted  dye  containing  die  same 
tertiary  butyl  groups  but  not  containing  dimethylamino  groups  (3),  then  we  find  that  their  absorption  curves  are 
almost  identical.  It  is  impossible  to  distinguish  between  these  two  dyes  by  the  color  of  their  alcoholic  solutions. 
Alkyl  radicals  in  onho-positions  arc  substantially  without  nfluence  on  the  auxochromic  action  of  acetylaroino  and 
unsubstituted  amino  groups  (preparations  4,5,6  and  7,8,9).  A  brief  exposition  of  this  part  of  our  investigation  has 
already  been  published  [4X 


Compounds  that  we  prepared  later  are  listed  in  Table  2  and  represent  isomers  of  the  dyes  in  Table  1:  they 
differ  from  the  latter  in  the  distribution  of  the  alkyl  and  amino  groups.  As  we  see  from  Table  2  and  Fig.  2.  in 
these  preparations  abo  the  alkyl  group  adjacent  to  the  dimethylamino  group  partly  suppresses  the  auxochromic 
effect  of  the  latter.  In  thu  table  are  also  luted  the  known  dyes  13,  15.  18  and  21  for  comparison. 

Preparation  of  the  above -described  tetrasubstituted  thiacarbocyanines  necessitated  as  intetmediates  the 
benzothiazole  derivatives  (I)  and  (II)  as  well  as  their  isomers  (IIQ  and  (IV). 


TABLE  2 


No. 

!  ^ 

R- 

AlkJ 

1 

max  i-*'  ™  M 

«max- 10'* 

1 

!  H 

H 

CH, 

1 

558 

16.5 

13 

j  CH,  1 

H 

C,H, 

563 

14.5 

14 

1  C(CH,), 

H 

CH, 

565 

14.4 

IS 

H 

NHCOCH, 

C,H, 

579 

- 

16 

CH, 

NHCOCH, 

CH, 

575 

- 

17 

C(CH,), 

NHCOCH, 

CH, 

570 

- 

18  j 

i  ” 

NI^ 

C,H, 

596 

- 

19  ! 

ICH, 

NH, 

CH, 

594 

— 

20  1 

1  C(CH,), 

NH, 

CH, 

592 

- 

“  1 

1  ” 

N(CH,), 

CiH, 

612 

11.7 

22 

jCH, 

N(CH,), 

CH, 

575 

12.4 

23  j 

;  C(CH,), 

;N(CH,), 

CH, 

570 

14.3 

Of  these  four  bases,  only  2.6  dimethyl -5 -aminobenzo- 
thiazole  (I)  a  its  bomer  (III)  have  been  described  in  patents 
15.9);  the  other  two  were  unknown.  We  prepared  (I)  and  (II) 
by  the  following  scheme  [R  =  CH,.  C(CH,)J: 


P 


NHCOCH, 


R 


NHCOCH, 


(H) 
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— > 


CH,CONH 


R| 

HjNI 


There  can  be  no  doubt  about  the  structure  of  preparation  (I)  since  3-br«30-4.5-diniirotDluene.  the  IntermedUte 
In  its  synthesis,  has  been  described  in  the  literature  [31  Concerning  base  (IQ.  it  was  oecessary  to  demonstrate  that 
the  structure  was  that  suted  and  not  d:at  of  one  of  its  isomers  (V,  VL  VH): 


which  could  be  obtained  if  dinitro  products  with  the  structures  (VUl)  and  (DC)  were  farxsed  in  the  nitration 
of  m-bromo-tert.  butyl  benzene: 


The  following  facts  support  the  assumption  that  ve  actually  obtained  bare  (il). 


1.  Fonnatioa  of  -jzro  products  (VIII)  and  (DC) 
during  niuatior  cf  m  rrotso-cert.  butylbenzeoe  is 
highly  Improbable  due  to  reric  hindrance. 

2.  %fhen  die  quater::aTy  salts  of  benzothuzole 
(V)  and  (VI)  are  coodeised  with  ethyl  orthoformate, 
they  must  give  tiuacarbocyar:met  whose  color  differs 
but  slightly  from  that  of  the  ihiacarbocyanlne  not 
containing  ammo  giocpi.  C  P  Sych  showed  that 

in  7. 7 '-positions,  amino  groups  have  little  influence 
on  the  color  of  tniacarbocya^unes  [71  Moreover, 
our  base  gave  a  dee^y  colored  thiacarbocyanine 
with  an  absorprioo  mavlgruro  at  592  ra|i. 

3.  Structures  (V)  arsS  (VII)  must  be  excluded 
because  deamination  of  (Kir  base  yielded  2-fnethyl*' 
6-teit.  butylbenzottlazcae.  Thu  t  as  proved  by  the 
absence  of  depressioa  m  irelung  point  detetmiiu* 
tlons  of  mixed  specimens  of  pacrates  of  our  base 
and  of  2-methyl-€-icri.  bwcylbcnzothlazole. 


We  synthesized  2-methyl •6-tert.  butylbenzothiazole  by  the  following  scheme: 


_ ^  j  •  ^ 
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The  dye  3  wa»  i>repared  from  the  quaternary  salt  of  2-n)eihyl-6-tert.  butylbcnzothUzcle. 


The  acetyl  derivatives  of  bases  (I)  and  (II)  were  likewise  converted  into  the  quaternary  salts  and  then 
into  dyes  5  and  6.  Saponification  of  the  acetyl  groups  of  the  dyes  gave  dyes  8  and  9.  Treatment  of  bases  (I) 
and  (II)  with  excess  of  dimethyl  rilfate  gave  us  the  quaternary  salts  (X)  and  (X^  from  which  dyes  11  and  12 


were  prepared. 


CH,|^ - ? 


(CHOjC 

(CH,),N 


Q; 


s 

CCH, 


(X)  CH,  CHjSO; 


(XI)  CH,  CH,SO; 


The  isomeric  bases  (III)  and  (IV)  were  prepared  through  2-methyI-S*alkylbenzothlazoles  by  the  following 
route  Cl  =  CH,  or  C(CH,),]: 


This  synthetic  scheme  was  worked  out  by  A.  I.  Xiprianov  and  E.  D.  Sych  for  2.5’dimethylbenzodiiazole 
[8).  We  prepared  2-methyl -5 <<eit.  butylbenzothlazole  for  the  first  time.  We  synthesized  dye  14  from  its 
quaternary  salt. 

2-Methyl^-alkylbenzothiazoles  were  nitrated.  Nitration  of  2.5-dimethylbenzothlazole  gives  two  Isonoerle 
nitro  products,  one  of  which  melts  at  152-154*  and  the  other  at  133-134*.  Reduction  of  the  product  with  ro.p. 
152-154*  with  tin  chloride  and  hydrochloric  acid  gave  an  amine  with  ro.p.  168*.  According  to  one  patent  (91 
this  is  the  »n.p.  of  2.5-dimed)yl-€-aminobenzothlazole.  For  this  reason  we  assigned  the  structure  (XII)  to  the 
nitro  product  with  m.p.  152-154*. 


The  second  isomer  with  m.p.  133-134*  is  evidently  2.5-dimethyl-4-nitrobenzo  thiazole.  It  was  not 
further  Investigated. 


— S  - f  (CH,),N/^ - S  (CH,),N/^— S 

(XII)  (XIIO 

(XIV)  CH,CH,S04 

Nitration  of  2 -methyl -6-tett.  butylbeazothiazole  gave  o.nly  one  nitro  product:  2-methyl-5-tcrt.  butyl- 
6*nitrobenzothiazole  (XIIQ. 

Its  structure  was  confirmed  by  the  deep  color  of  dye  20.  Acetylation  of  preparations  (HI)  and  (IV)  gave 
the  corresponding  acetyl  derivatives:  from  the  quaier.nary  >alu  of  the  laner,  dyes  16  and  17  were  obtained. 
Saponification  of  the  acetyl  groups  in  these  dyes  led  to  d>-cs  19  a.-d  20.  Action  of  an  excess  of  dimethyl  sulfate 
on  bases  (III)  and  (IV)  gave  us  the  quaternary  salts  (XrV)'and  (XV).  from  which  the  dyes  21  and  22  were  obtained. 
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Apart  flora  3  and  14.  all  Hit  dytl  thal  we  siTsfliesiaed  in  ihe  fira  and  second  series  are  amorphous  powders 
which  could  only  be  purified  by  chroniatograthy.  Ibeii  yields  did  not  exceed  23*  Owing  to  Ihe  difricully  of 
purification,  dyes  8.  S.  1C,  19  and  20  were  not  isolated  in  the  pore  state, 

experimental 

»Pd  2.6-dimethyl-5-aminobenzothia20le  (1),  To  a  warm  solution 
of  2<j  g  3"bromO'~4,C'^initxoioluene  (prepared  by  nitration  of  ii)-brc,DOtoli:ene  lv>3)  in  250  ml  alcohol  was  gradually 
added  with  shaking  a  hot  mixture  of  18  g  crystalline  sodium  sutfide.  2.4  g  sulfur  ai'd  1C  ml  alcohol.  After  all  had 
been  added,  the  mixture  was  boiled  for  3  hours.  The  yellow  precijatatc  of  2.2'.4.4'-tetranitro-5.5‘-dimcthyIdiplicnyl- 
diphenyldisulfide  was  fUtered  and  washed  with  water.  Yield  IS  g  (S2X)  •.  13  g  disulfide.  l-O  g  ur.  and  150  ml 
concentrated  HCl  were  gently  refluxed  until  all  the  tin  had  dissolved  and  then  boilmg  was  continued  for  an  hour. 

The  whole  of  the  disulfide  dissolved.  The  solution  was  diluted  with  water  and  the  tin  was  precipitated  by  heating 
with  hydrogen  sulfide  The  precipitate  was  filtered,  the  solution  was  evajxirated  to  dryness  in  vacuum.  To  the 
dry  residue  was  added  30  ml  acetic  anhydride  and  ICO  ml  glacial  acetic  acid  .  The  mixture  was  boiled  for  3  hours, 
then  diluted  with  water  and  nc'iualized  with  ammonia.  The  residue  fl.C-Jiinethyl-S-acetylai'ninobcncoThiazole 
and  residual  tin)  was  dried  and  extracted  with  benzene  in  a  Soxhlet  apparatus  Yield  7  g  (SI'vt).  Rccrystallization 
from  benzene  gave  fine,  slighi.y  yellow  needles,  m  p.  17>  178*  •*.  according  to  patent  data  (5)  the  m  p.  is  178* 

Methiodidc:  light-yellow  prisms  (from  alcohol),  m  p  21**-218*  with  decomposition. 

Found  I  3S.lf.  35. 18.  C||HkON|SL  Calculated^  135.08. 

Precipitation  of  tin  by  hydrogen  sulfide  after  reduction  of  the  disulfide  is  not  obligatory.  The  solution  may  be 
evaporated  to  dryness  on  the  water  bath  after  completion  of  the  reduction,  and  the  dry  residue  (a  mixture  of  tin  salts 
and  the  hydrochloride  of  2.4-diamino-5’methylthiopbenol)  may  be  worked  up  as  described  above.  By  this  method 
the  yield  is  not  reduced. 

2.5-Pimethyl-»~-aminobenzcthta2ole  was  prepared  by  heaturg  1  5  g  of  the  preceding  product  with  10  ml 
dilute  sulfuric  acid  for  30  minutes.  The  solution  wasdige>ted  with  carbon,  filtered  and  neutralized  with  ammonia. 
Yield  0.9  g  (75^).  Colorless  needles  (from  water),  m.p.  141-143*  (.\ccordi.ng  to  patent  data  [5J.  143*). 

Heaving  of  0.2  gof  the  base  with  0.4  g  dimethyl  sulfate  at  lOO-llO*  for  4  hours  gave  t!ie  metliiodide  of 
2.5-diniethyl-€-dtmethylaminobcnzothlazo!e.  Yellow  needles  (from  alcohol),  m.p.  246-247*  with  decomrosition. 

Found ‘Jb:  136.84.  36.7.3.  CuHnN,SL  Calculated  V  136  49 

m-Bromo-tert  butylbenzene  was  prepared,  by  analogy  with  m-bromoiolucne  (10).  by  brominaiion  of  p- 
acetamino-tert.  butylbenzene  r*l]  followed  ty  saponification  and  deamination  m-Bromo-tert.  butylbenzene  was 
obtained  In  the  form  of  a  yellow  oil  with  b  p.  237-239*.  in  agreentent  wit.h  the  literature  data  (12)  Yield  36‘?i 
calculated  on  p-aceumino-tert.  butylbenzene 

3-BfOino-4.f.-dinitro-tert.  butylbenzene.  21.7  g  3-bromo-tcrt  butylbenzene  was  gradually  added  with 
stirring  at  the  usual  temperature  to  a  mixture  of  13  ml  nitric  acid  (sr*  gr  1  5)  and  30  ml  concentrated  sulfuric 
acid.  The  mixture  was  then  stirred  for  2  hours  at  110-120*  and  poured  into  water  Tne  solidified  nitro  product 
was  filtered  and  recrystallized  fro.n  alcohol.  Crea.n-colorcd  tablets  viih  m  p  i-2-i>l*.  Yield  12  3  g  (30,8^'). 

Found  ‘5b:  N  9  21.  9.07.  CjiHjANiBr  CalcuUted  S  9  21 

2-Methyl-‘^-acetylamino-6-tert  butylbetuothiazolc  and  2  ::e:h.l-o-ainiiio-  -tert  butylbenzothiazole  ill) 
were  prepared  similarly  from  the  methyl  analogs.  From  11  g  3-bro  -'0-4.  -Jiniiro-tc.-t  butylbenzene.  by  treat. ivnt 
with  alcoholic  Na,S,.  was  obtained  6.4  g  (  'i‘5fc)  of  2.2'.4.4*-tctr3nitro-5.5*-diicit  butyldiplienyldisullide.  Pie 
disulfide  was  reduced  with  27  g  tin  and  55  ml  concentrated  HCl  Railing  was  continued  for  3^bouts  after  the  tin 
had  dissolved.  The  tin  was  precipitated  with  hydrogen  sclfide.  the  f.ltratr  was  evajxara^ed.  and  the  dry  residue 
boiled  for  an  hour  with  30  ml  acetic  anhydride  The  excess  of  acctie  anhydride  was  decomposed  with  water, 
arvi  the  solution  was  neutralized  with  ammonia;  the  filtered  and  dried  precipitate  was  extracted  with  benzene. 

After  recrystallization  fro.n  benzene,  2-methyl-5-acctyiamir»-  >-tert  huiyihcnzothiazolc  was  obtained  in  t.ie 
form  of  a  yellowish,  amorphous  powder  which  gradually  softened.  witJwut  melting,  at  150-1  lO  .  yield  l.S  g- 

(27^. 

Found  ‘5b:  N  10.54.  10  65.  CmHuONjS  CalcuUted  ^  N  10  i78 
•All  yields  are  suted  in  percentages  of  the  tbcoreiicaL 

••  All  the  melting  poinu  and  boiling  points  in  this  paper  have  been  corrected 
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TABLE  3 


V 


■ 

Base 

Alkylating  Ethyl 
agent  ortho- 

formate 

Yield 
in  ^ 

of  theory  i 

Gross  formula 

■ 

found 

calc. 

5 

Bis-p-cthyl-S-acctyl- 
amino-6-mefliyl-  ] 

benzothiazole  (2)}-  | 
trimethinecyanine*  j 
p-toluenesulfonate  | 

2.6-Dimethyl- 
5 -ace  ty lam  ino- 
benzothiazole 
0.2  g 

Ethyl  p- 
toluene  -  : 

sulfonate  ] 
0.14  g 

j 

1 

0.4 

14.5 

1 

1 

» 

CnHsANaSs 

• 

8.15, 

8.28 

8.26 

6 

Bis-[3-mcthyl-5-  | 

2-Methyl-5- 

Methyl  p-  j 

0.2 

12 

Ci,H4AN4S> 

7.  CO, 

7.63 

acetyl  a  mino-€-  j 

tert.  butylbenzo-  * 

acetylamino- 
6-tert  butyl- 

toluene-  ! 
sulfonate  t 

1 

« 

1 

1 

j 

t 

7.41 

1 

thiazole  (2))-tri-  j 

methinecyanine- 

p-toluenesulfonate 

benzothiazole 

0.1  g 

0.07  g  ! 

t 

1 

1 

j 

1 

1 

s 

i 

1 

16 

Bi$-t3.5'<limethyl- 

2,5-Dimethyl- 

Methyl  p-  . 

04  ! 

30.9 

CnHs40|N4Sj 

Not  isolated  in 

e-acetylamino- 
benzothlazole  (2)]- 
trlmeihinccyaninc- 
p-toluene  sul  fonate 

6-acetylamlno- 

benzothiazole 

0  2  g 

toluene 

sulfonate 

0.14  g  : 

! 

X 

(unpuri- 

fied) 

> 

pure  St 

poor  tx. 

ac  due  to 
>lubility 

17 

Bis -[3-methyl -6- 
tert  butyl-€-ocetyl- 
aminobenzothiazole 
(2))-trime!hine- 
c  ya  nine-p-toluene- 
sulfonate 

2- Methyl -5- 
tert  butyl -6- 
acetyla  mino¬ 
benzothiazole 

0.1  g 

Methyl  p-  ! 
toluene  j 

sulfonate  \ 
0.07  g  j 

1 

02 

20.7 

1 

1 

1 

7.80, 

7.77 

7.63 

11 

Bu-[3.6'dimethyl- 
aminobenzo- 
thiazole  (2)]-tri- 
methinecyanine 
metbosulfate 

2, 6-D  imethyl - 
5•aminobenzo- 

thiazole 

0.2  g 

Dimethyl  ; 
sulfate 

0.4  g 

1 

1 

04 

7.9 

9  67. 
9.73 

9.96 

12 

Bis-[3-mcthyl-6- 
d  imethyl  a  m  Ino -6- 
tert.butvlbenzo- 
thi  azole  (2))-tri- 
methinecyanine 
metbosulfate 

2 -Methyl -6- 
'  amino-6-tert. 

'  butylbenzo- 
thiazole 

I  0.1  g 

i 

Dimethyl  0  2 

'sulfate 

jO.2,  j 

! 

4  i 

j  ^ 

• 

1 

1 

1 

1 

1 

CMH44O4N4SJ 

i 

< 

i 

9.00. 

8.85 

8.81 

i 

22 

Bis-[3,5"dimethyl- 
6 -d  i  methyla  mino- 
:  benzothiazole  (2)}- 
’  trimethinecyanine 
ntethosulfate 

J 

2,5^3imethyl- 
1  6-aminobcnzo- 
'  thiazole 
j  02g 

t 

j 

Dimethyl 

sulfate 

0.4  g 

04 

t 

1 

:  7  9 

i 

1 

• 

1 

‘c„H^4N4S, -311,0 

! 

i 

! 

j  9.10.  9.15 

!  9.23  1 

j  Presence  of 

1  water  of 

1  crystallization 

1  demonstrated 

23 

Bis-[3-methyl -6-tert. 

I  butyl-€-dlmethyl- 
a  minobenzothiazole 
!  (2))-ttimethine- 
•  cyanine  metho- 
I  sulfate 

j 

*  2 -Methyl -5- 
1  tert  butyl-6- 
j  aminobenzo- 
‘  thiazole 

t  0.2  g 

1 

1 

Dimethyl 

sulfate 

0.4  g 

» 

i 

! 

0.4 

1 

I 

j  22.7 

% 

( 

1 

!  8.59. 

1  8.54 

8.81 

SIC 


1.5  g  of  fhe  preceding  corrpound  was  digested  for  30  minutes  wi&  30  ml  dflute  sulfuric  acid.  Neutralization 
with  aromonJa  led  to  separation  of  2-ireihyl-5-amin(v^ert.  butylbenzotUazole.  The  product  could  only  be 
recrystallized  after  purification  by  running  the  benzene  solution  through  a  column  conuining  alumina.  Colorless 
needles  (from  water),  m.p.  126-127*.  Yield  0.6  g  (46^1). 

Found  N  12,01.  12.03.  H|0.  Calculated  ^  N  11.76. 

Water  of  cryiuUlzation  was  found  to  be  preseo. 

2-Methyl -^-tert.  butylbenzothiazole.  p-Acetamino-tert.  butylbenzene  wzi  nitrated  [131  the  acetamino 
group  was  saponified  and  the  m-amino  tert.  butylbenzene  was  subjected  to  deamination,  reduction  of  the  nitto 
group  and  acetylation.  The  m-aceumino^ert.  butylbenzecc  was  again  nitrated  [IGJ  and  the  acetyl  group  was 
saponified.  14.2  g  of  so-prepared  3-amino-4-niiro-tert.  butylbenzene  was  dissolved  in  a  mixture  of  40  ml 
concentrated  sulfuric  acid  and  60  ml  water.  The  solutioc  was  diazotized  and  added  dropwise  to  a  boiling  solution 
of  CU|Br|  while  steam  was  passed  through.  3-&omO'4'iiitro-t«;rt.bjtylber.zene  was  distilled  off  in  the  form  of  an 
oil  which  was  extracted  with  benzene  and  vacuum -dutiUed.  b.p.  142-144*.  Yield  10.2  g  (54^).  The  preparation 
is  rjot  described  In  the  literature. 

10  2  g  3'bronx>-4-nitroHert.  butylbenzene  was  disolved  in  25  ml  alcohol  and  treated  with  a  hot  mixture 
of  6.1  g  crystalline  sodium  sulfide.  0.9  g  sulfur  and  10  ml  alcohol.  After  2  hours*  heating  on  the  water  bath, 
2,2**dlnitro-4,4*'dltert.butyldiphenyldisalflde  came  down  in  the  form  of  s  viscous,  yellow  mass.  The  disulfide 
was  separated  from  the  liquid  by  decantation,  washed  with  water  and  alcohol  and  dissolved  by  healing  in  50  ml 
acetic  acid.  Info  the  cooled  solution  was  gradually  stirred  15  g  zinc  dust  and  30  ml  concentrated  HCl,  Stirring 
was  continued  for  anotfjcr  hour  and  the  solution  was  then  filtered,  diluted  with  water  and  saturated  with  sodium 
acetate.  The  white  precipitate  of  the  zinc  mercaptide  was  filtered  and  dried,  after  which  its  weight  was  3.5  g. 

It  was  boiled  for  an  hour  with  20  ml  acetic  anhydride.  The  excess  of  acetic  anhydride  was  decomposed  with 
water  and  the  solution  was  made  alkaline.  The  separated  oil  was  extracted  with  benzene  and  vacuum -distil  led. 

B.p.  134-136*  at  15  mm.  Yield  1.5  g  or  44^  calculated  oq  die  mercaptide. 

Picrater  yellow  powder,  m.p.  137-139*. 

Found  N  12.96.  13.10.  CttHuNS  C|H,0|^  Calculated  N  12.90. 

Methyl  perchlorate:  colorless  needles  (from  alcohol),  m.p.  210-211*  ;/lth  decomp. 

Found  Cl  10.85.  11.05.  CuHt«04NSa.  Calculated  Q  11.04. 

The  same  preparation  was  obtained  in  the  form  of  picrate  by  deamination  of  2-methyl-S-amino-6- 
tert.  butyl benzothiazole  for  the  purpose  of  confirming  the  structure  of  the  latter.  0  3  g  amino  compound  was 
dissolved  in  10  ml  alcohol  and  5  ml  concentrated  sulfuric  acid  was  added.  The  mixture  was  cooled  to  0* 
and  diazotized  with  a  solution  of  0.2  g  sodium  nitrite  in  2  ml  water.  The  mixture  was  then  heated  on  the 
water  bath  for  30  minutes,  diluted  with,  water,  neutralized  with  sodium  carbonate  and  extracted  with  ether. 

The  oil  rerralaing  after  distillation  of  the  ether  was  dissolved  in  alcohol  and  mixed  with  an  alcoholc  solution 
of  picric  acid.  After  several  recrystallizations  from  alcohol,  a  picrate  with  m.p.  137-139*  was  obtained. 

Yield  0.05  g.  No  m.p.  depression  of  the  mixture  with  the  i.iciate  of  2-roeihyl-€-tert.  butylbenzothiazole  . 
prepared  by  the  above-described  method. 

2-Methyl*5 -tert. butylbenzothiazole  was  obtained  in  a  similar  manner  to  the  above  base.  22.5  g  3-nitro- 
4-tmino-tert.butylbenzene  (13)  gave  14  g  (47^)  3-nitro-4-bromo-tert.butylbenzene,  A  yellow  oil.  b.p.  174-175* 

(30  mm).  According  to  the  literature  (14)  3-nitro-4-bronno-tert  butylbenzene  bolls  at  124-126*  (3  mm). 

Treatment  of  14  g  of  the  nltrobromo  derivative  %rith  alcoholic  Na|%  followed  by  reduction  with  zinc 
dust  yielded  7.9  g  of  the  corresponding  zinc  mercaptide.  from  which  was  obtained  3.3  g  (49^.  calculated  on 
the  mercaptide)  g-roethyl-^-tert.butylbenzothiazole.  Yellow  oil.  b.p.  153-156*  (10  mm). 

Picrate:  yellow  tableu,  m.p.  147-149*. 

Found  ‘Jfc:  N  12.78.  12.72.  CgHgNS  •  C*H,0,N,.  Calculated  N  12.90. 

Kletbiodlde:  colorless  tjeedles  (from  alcohol),  m  p.  225*  with  decorajPsftioiL 

Found  1  36.55.  36,79.  CjjHjjNSL  Calculated  I  36  60. 
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2.5  Qhtirthvl  e-nitrobenzcihiazole  (XII)  6  g  2,5  dime’hylberzoihiazole  [8]  was  added  gjadually  at  20-25* 
to  a  mixture  oM  4  ml  nitric  acid  (sp  gr  1  4)  and  12  ml  conce'trated  sulfuric  acid  The  mixture  was  left  for  15 
minutes  at  room  temptrature  a'^d  poured  into  water  The  nitro  product,  weight  5  5  g  (75*^?),  ca^  out  ir  the  form 
of  a  slightly  ycMowish  precipitate  m  p  105  112*  Repeated  fractional  crystallization  from  alcohol  gave  1.9  g 

2.5- dimethyl  C  r  it  robe.- zotm  azole  Cteam<olored  .'eedles  with  m  p  152*154*. 

Found  •Jt  13  48,  13  30  C,h,OiNiS  Calculated ‘55>  N  13  46. 

A  seco-d  isomeric  -itro  product  uolated  i.n  quantity  of  0  9  g.  had  m  p  133-134*  Iti  all  probability  it  is 

2.5- dimcthyl-4  ^itroberzothiazole 

2-Mer*iyl  5-tert  butyl  6-~itrob€~zotHazole  (XllI)  I  5  g  2  methyl-5  tett  butylbcnzothiazole  tsai  gradually 
added  to  a  mi»’ure  of  1  2  ml  nitric  acid  (sp  gr  1  4).ar.d  3  ml  concertrated  sulfuric  acid  The  mixture  was  then 
heated  and  stirred  for  an  h-our  at  90-100*  and  poured  in»o  water  Tlte  ni'ro  product  was  filtered  arxl  recfystalllzed 
several  times  from  alcofiol  Cream-colored  r.eed’es,  m  p  122-124*  Yield  0  *7  g  (40^t>) 

Founds  N  10.91.  10  81  CaH^O^'^iS  Calculated ‘St  Ml  20 

2.5-Dliiiethvl*6  aminobe'zothiazole  (111)  a:d  2.5-dimeti>yl  ^-acetyl aminobenzothiazple.  1  9  g  2,5-dlmethyl- 
6-nitrobea2ottilazole  was  mt>cd  with  a  solutio*'  of  5  6  g  starnous  chloride  in  i5  ml  corKentratcd  HCl  The  mixture 
was  heated  for  10  minutes  at  a  ge'tle  boil  A*'er  a  few  hours  tne  precipitated  double  salt  of  the  amine  with  stannous 
chloride  was  filtered  i-4  treated  with  excess  caustic  alKali  Tr.e  ami  e  was  crystallized  from  benzene.  Colorless 
needles,  m  p  107-168*  according  to  the  patent  data  [9j  the  m  p  is  1C8'  Yield  1.5  g  (94‘5t)  Treatment  of  0  5  g 
amire  with  2  ml  acetic  a 'hydride  gave  0  5  g  2.5'dimethyl  -6  acetylaminoberzothuzolc  Colorless  needles  (from 
water),  m  p  226  228*. 

Found  ‘Jt  N  12  41  12  47  C»^H jO.^,  S  Calculated  S  12  75. 

Methiodtde  colorless  prisms  (from  alconol).  m  p  261-262*  with  decomp 

Found  ^  I  35  25  35  13  Cjri,iOS,SI  Calcula*ed  ^  I  35  08 

2-Methyl -5  tert  butyl -6  ami:obenzjthlazole  (V)  a-'d  2  mcthyl  5  *ert  butyls  acetylaminobe-zethiazole  vrere 
similarly  prepared  Stannous  chloride  reduction  of  0  5  g  2-methyl  5  tert  butyl  6-':itrobe 'zotMazolc  gave  0  4  g  (90‘5t) 
of  the  amir^o  compound  Cream  colored  .needles  (from  ligrol-;)  m  p.  186-188*. 

Found  ^  .M  12  75  Cj^H^^SS  Calculated  N  12  73 

From  0  2  g  amine  was  obtained  0  2  g  2-methyl-5-»ert  butyl  6  acetylaminoberzo^htazolc.  Colorless  needles 
(from  a  mixture  of  1  vol  benze.'>e  a-xl  5  vol*  ligroin)  m  p  133  1  95* 

Found  ^  N’  10  49.  10  39  C„Hj,0\S  C  alculated  ‘Jb  N  10  68. 

Dves 

T e i r a s u b'rtituted  rhiacarbocyaetnet 

a)  Dyes  will!  dnnemylami  lO  g*oup>  were  prepared  iri  the  followl  g  mas  er  1  mole  of  the  corresponding 
amino  derivative  of  2  metnylbe  zcit  lazole  a^-d  3  mole.  dime»hyl  sulfa’e  we»e  rieated  for  4  hours  at  100-110* 
Methylation  of  the  ammo  group  -hen  tool,  place  at  the  >ame  »ime  a^  a  quaternary  salt  was  formed  at  the  nitrogen 
atom  of  the  thiazole  n  g  To  the  qua-errary  salt  was  added  a  tew  milliliters  of  pyiidine  and  the  equivalent  amount 
of  ethyl  orthofotmaie  The  mi.sture  was  boiled  for  20  minu-Cs  after  which  the  pyridine  was  distilled  off  in  vacuum: 
the  dye  was  dis.olved  in  chlorofo-m  a'd  chromatographed  .eve-aj  times  o  ■  alumra  Tr.e  dye  isolated  after  the  final 
chromatographic  *reaimet»  wa-  dissolved  i*  95*^  alcohol  a-^d  filtered  for  removal  of  traces  of  alumlfA  ■  A*ter 
evaporation  of  the  alcohol  the  dye  was  isolated  ir  tre  fo-m  ot  a  amorphous  powder  Dyes  11.  12.  13.  23  (Tables  1 
aixi  2)  svere  prepared  in  this  manrer 


b)  Dyes  with  acetylammo  groups  Quaternary  salt*  were  prepared  by  hea-i.^g  equivalent  amounts  of  the 
correspond  mg  acctylam:  .o  derivative  of  2-methy!be-'zothiazole  a-4  -!.•«»  me’nyi  (or  ethyl)  ester  of  p-toluef-esulfon.ic 
acid  at  130*140  lor  1^  2  -lOurs  Preparation  a-'d  p.jtificatio.-'  of  me  dy»*s  were  carried  out  as  described  above  The 
(Table*  1  and  2)  were  prepared  f  this  rrar'-er  Tre  yie’ds  a'd  analytical  data  of  Oie  dyes 
are  detailed  in  Table  3  The  r  umbers  assigned  to  the  dye*  correspond  to  rheir  number*  in  Tables  1  and  2  Yields 
of  purified  preparations  are  given  m  all  cases  except  for  16 


amino  eroups.  These  were  obtaired  by  sapordflcatior?  of  the  acetyl  groups  in  the  acetylanilno-  • 
tubttftuted  dyes.  The  u'lpurified  dyes,  prepared  as  described  above,  were  boiled  with  20^  sulfuric  acid  for  20-30 
minutes,  after  which  the  acid  was  neutralized  with  ammo-iia  aid  the  dye  was  filtered,  dissolved  in  alcohol  and  die 
chloride  of  the  dye  precipitated  with  aqueous  NaCl  solutior..  The  saponification  could  be  performed  by  beating  die  • 
dye  for  20-30  minuves  at  100-120  with  a  mixture  of  equal  amounts  of  concentrated  sulfuric  acid  and  glacial  acetic, 
acid.  After  cooling,  the  solution  was  diluted  with  water  ainJ  .'eu^ralized  with  ammonia.  The  follow*iig  dyes  were 
prepared  In  this  way  bis  [3 •ethyl-5  amt’'o-6  methylber.20thiazote(2)] frlmethioecyanine  chloride”  8  to  table: 
bli*[3inethyl-5-amino-r.-tertbijtylbenzothiazole  (2))  trimeth‘:ecya:L-e  chloride  -  9,  bi$-^.5-dimethyl-^mino- 
benzothlazole  (2)]-trimcthinecyarine  chloride  “19:  bis  [3  methy:  5  tert.,batyl-6-anjiPobenzothiazole  (2)}-tii* 
methinecyanine  chloride  —20. 

These  four  dyes  have  very  poor  solubility  in  alcohol  ar-d  s  ill  worse  in  chloroform;  purification  by  chroma¬ 
tography  is  therefore  impositblc.  We  were  therefore  unable  to  t-oiar*  them  in  the  puie  state.  Only  dieix  absorjption 
curves  were  investigated  in  alcoholic  oIutio.-'s  cf  vdeterml  ed  contehtration. 

Bis-(3-Tnethyl -5  text  butylbczotniazole  (2;}-trimet>'irecya''i::e  chloride  “3.  0.2  g  2-roethyl7V<ert,  butyl- 
benaothiazole  methiodide,  0.2  g  ethyl  ortho<orma»e  a'd  3  ml  pv'idi-e  were  boiled  for  20  minutes.  After  cooling, 
the  precipitated  dye  was  fii»ered  and  crystallized  ♦rom  alcohol.  Violet  recdles.  m.p.  264-266*.  YtoW  0.01  g 

(44i?0. 

Found  1 22.23.  22,20.  Ct7H„,\S,L  Calculated  %  I  22.30. 

Bls-C3-methyl-8-tert  bjtyibenz3tr.tazole  (2)]  trlmetM’-ecya-i'e  perchlorate  -14.  0.1  g  2-roeihyl-€-tert. 
butylbenzothiazole  methyl  perchlorate.  0.1  g  ethyl  o'thoformate  a'  d  2  ml  pyridine  were  boiled  for  20  minutes. 

The  dye  was  precipitated  with  ether,  filtered  ar.d  crystallized  from  alcohol,  Violet  needles,  m.p.  263*  with 
decomp.  Yield  0.04  g  (47<Jb). 

Found  S  11.67.  11.40.  C,-H,,N,O^SCl.  Calculated  S  11.66. 

SLMMARY 

1.  The  influence  of  steric  hindrance  on  tre  uxochromic  action  of  the  dlmethylamlno  group  In  tetra^ 
substituted  thiacarbocyanlres  was  studied.  It  was  estabUsr.ed  tha*  the  introduction  of  a  methyl  or  a  tertiary  butyl 
group  in  the  ortho -position  to  the  dnnethylamlto  group  partly  supore-ses  the  latter's  auxochromic  :.ction.  the 
tertiary  butyl  group  exerting  a  greater  liflcerce  tha"  the  methyl  gro^p. 

2.  Nine  kw  benzothiamle  derivatives  and  fourteen  rew  t.-ilacarbocyanites  were  synthesized. 
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INVESTIGATION  OF  THE  STRUCTURE  OF  THE  ALKALOID  SONGORINE 
PREPARATION  OF  ACONITANE -THE  OXYGEN-FREE  HETEROCYCLIC  NUCLEUS  OF  SONGORINE 

A.  D.  Kuzovkov 


A  comparison  of  the  compositions  of  various  aconite  alkaloid*  by  A.  P.  Orekhov  and  R.  A.  Konovalova  01 
led  diese  authors  to  suggest  that  they  are  all  derivatives  of  O’-.e  ard  the  same  he*emcycllc  ring  and  only  differ  In 
the  number  and  distribution  of  the  substituents  and  in  the  presence  of  double  bonds.  The  authors  attempted  to 
piepare  such  a  heterocyclic  ring  of  the  alkaloid  TalatuLne,  but  the  research  did  not  lead  to  the  desired  result. 

Some  successes  in  the  t''vestigation  of  cyclic  systems  corstituti-g  the  molecule  of  aconite  alkaloids 
were  achieved  by  using  the  method  of  selenium  dchydroge'atior.  Hetisre,  ausL'c.  napelline  and  staphisine  gave 
neutral  fractions  from  which  phenanthrerse  hydrocarbons  were  Isolated  [2].  from  hetlsine  was  got  plmanthrene 
(1.7-dimethylphenanthrene);  from  atisL'-.e,  l-mediylpher.a'trjerje  a'‘d  1 -methyl-S-ethylphenarithrene;  from 
staphisine.  phenanthiene.  plmanthrene  and  3-methylrctene  (1.3^imethyl*7-isopropylphenanthrene). 

On  the  basis  of  the  formation  of  phenanthrene  homologs,  in  particular  of  plmartnrerve  and  3-roethylretene, 
it  was  concluded  that  this  group  of  alkaloids  was  related  to  the  resin  acids  in  tne  sense  that  the  basis  of  the 
molecules  of  the  aconite  alkaloids  is  a  pentacyclic  structure,  pan  of  which  Is  the  perhydrophenanthrene  ring 
condensed  with  a  bicyclic.  nltrogen-co.ntalning  system. 

In  this  paper  we  present  the  first  results  of  our  study  of  the  structure  of  the  alkaloid  songorine. 
discovered  by  S.  Yu.  Yunusov 

Songorine  C||Ht|0|N  contains  two  hydroxyl  and  orse  carbonyl  group:  it  has  a  double  bond.  From  the  stand* 
point  that  it  was  first  necessary  to  establish  the  nature  and  locatio':  in  the  molecule  of  the  rings  in  which  the 
nitrogen  atom  is  linked,  we  started  our  investigation  with  the  aim  of  preparing  the  oxygen-free  heterocyclic  ring 
of  the  alkaloid  in  order  to  be  able  subsequently  to  effect  its  Hofmanr.  degradation  and  to  investigate  the  unsaturated 
nitrogen -free  substance. 

Songorine  with  m.p.  201-202*  a  ;d  specific  rotation  [a Iq -135.4*  wa^  jKepared  from  Aconitum  songoricuro.  • 
Its  consunts  correspond  to  t.hose  Ln  the  literature  The  hydroxyl  groups  of  ->  orgori-e  were  replaced  by  chlorine  • 
by  reaction  with  phosphorus  oxychloride.  The  cnlorine  derivative  (without  piriflcation  and  isolation  in  the 
individual  state)  was  subjected  to  catalytic  reduction  with  skeletal  nickel  catalyst  at  a  small  excess  pressure  of 
hydrogen  in  presence  of  two  equivalents  of  caustic  alkali.  An  amLno  ketone  was  obtained  with  the  composition 
CfiHjiO.S  for  which  we  propose  the  name  of  oxoaconitane.  Tne  base  is  a  colorless  crystalline  substance  with 
m.p.  1,4-66*;  its  hydrochloride  has  the  composition  CjjHiiCS*  HCi.  m.p  293*:  [a)jj— 76.3*;  hydrobrom^e 
C„H,,ON  -  HBr.  m.p.  299*.  [a  Ip -69. 7*.  Both  salts  are  well -crystallized,  soluble  ir.  alcohol,  poorly  soluble  in 
acetone  and  water. 

The  carbonyl  group  of  oxoaconitane  was  reduced  by  LiAlri^  to  give  tr.e  amino  alcohol  hydroxyaconlune 
CiiH„ON.  m.p.  151.5*; [a)D -38.6*. 

Elimination  of  the  hydroxy  group  of  hydroxyaconita^e  with  formation  of  the  oxygen-free  substance 
Cj^H^N  was  effected  as  in  the  removal  of  the  hydroxy  groups  from  so-go-i^e:  Mibstitution  with  chlorine  by  the 
action  of  phosphorous  oxychloride  followed  by  reduction  over  skeletal  nickel  catalyst. 

Aconitane  is  the  saturated,  oxygen-free  heterocyclic  nucleus  of  tne  alkaloid  so“gorire.  The  base 
C,jH„N  melts  at  69  5-70*.  rotates  the  plane  of  polanzatio.n  of  iig-.*  to  tne  left  ([a  -50.3*).  and  dutiU  in 

vacuum  at  170-180*  (3  mm).  Aconitane  hydrochloride  has  the  compovltio*'  Ci^HjjN-  HCI.  ra  p  275*. 

-37.2*.  Hydrobromide  C,iH„N  HBr.  m.p.  282-283*.  !«]□  ”29  4*. 
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EXPERIMENTAL 


(assisted  by  R.  L  Bogomazova) 

PrrpacatioD  of  Oyoaconiune 

To  10  g  songorine  with  ice  cooling  was  added  lOO  :nl  phosphorus  oxychloride.  The  reaction  mass  was 
gradually  brought  to  the  boil  over  a  gauze  and  boiled  for  2  hours,  after  which  the  excess  of  phosphorus  oxy* 
chloride  was  distilled  off  in  vacuum.  The  residue  was  treated  with  water,  at  first  with  ice  cooling  and  later 
while  heating  on  the  boiling  water  bath  arxl  being  intensively  shaken  until  solution  was  complete.  The  ac|ueous 
solution  was  made  alkaline  with  concentrated  a^^ueous  am  monia  and  extracted  with  ether.  The  ether  extract 
was  dried  with  potassium  carbonate  and  the  ether  was  distilled  off  to  leave  10.5  g  of  a  colorless  oil  which  was 
dissolved  in  300  ml  ethyl  alcohol..  To  the  alcoholic  solution  was  added  6  ml  40^  NaOH  solution  and  15  g 
skeletal  nickel  catalyst,  and  the  whole  was  shaken  under  slight  excess  pressure  in  a  hydrogen  atmosphere.  In 
the  course  of  16  hours  1750  ml  (2.7  moles)  hydrogen  was  absorbed,  after  which  absorption  ceased.  The  solution 
was  filtered  fmm  catalyst,  acidified  with  hydrochloric  acid  and  evaporated  in  a  vacuum.  Addition  of  water  to 
the  oily  residue  brought  down  oxoaconitane  hydrochloride  which  was  sparingly  soluble  in  water  and  after 
recrysiallization  from  water  weighed  2  8  g  and  melted  at  2&3*,  After  a  second  crystallization  the  yield  was 
1.7  g  with  the  same  melting  point. 

0  08  1  9  g  substance  in  10  ml  0.5^;  KO.  =  1  dm.  c^J-0.63^  (fl^)-76  9*. 

3.879  mg  substance:  10.349  mg  CC^.  3  163  mg  H,0.  10.172  mg  substance.  0.353  ml  Nt  (24*.  729  mm). 

Found  C  72  94.  H  9.12;  N  3  82  C,,H^ON  Ha.  Calculated  <51.  C  72.06;  H  9.22;  N  4.02. 

The  base  was  prepared  by  stirring  1  7  g  of  the  hydrochloride  with  water.  makLng  the  suspension  alkaline 
with  aqueous  ammonia  and  extracting  with  ether  The  ether  extract  was  dried  with  potassium  caibonate  and 
the  ether  was  driven  off  to  leave  the  colorless  crysulline  base,  m.p.  64-6  6*.  readily  soluble  in  ether,  pentane, 
alcohol,  acetone,  chloroform  and  benzene:  sparingly  soluble  in  water.  The  substance  could  not  be  recrystallized. 
The  hydrobromide  of  oxoaconitane  was  prepared  in  the  form  of  fine  ncedlets  by  triturating  the  base  with  5^ 
aqueous  HBr  and  crystallizing  from  hot  alcohol  with  addition  of  an  equal  volu-^e  of  ether.  M.p  299*.  0.1019  g 
subsunce  in  10  ml  water.2=  1  dm.  oq-O  71*.  £a)jj-69.7*. 

3.372  mg  substance.  7  960  mg  CC\.  2  501  mg  HjO.  3  392  mg  substance:  7.996  mg  CC^.  2.535  mg  H|0. 

10.281  mg  substance.  0  295  ml  Nj  (23*.  740  mm)  10  890  mg  substance:  0.309  ml  tig  (23*.  738  mm). 

4  542  mg  Substance.  2.191  mg  AgBr  Found  C  64  42.  64  33.  H  8  30.  8  37;  N  3.22,  3.18;  Br  20.53. 

C,|H,|ON  HBr.  Calculated  ^  C  63  95.  H  8  18;  N  3  55.  Br  20  26. 

The  mother  liquor  from  the  hydrochloride  of  the  base  was  made  alkaline  with  aqueous  ammonia  and 
extracted  with  ether  After  drying  the  ether  extract  with  poussium  carbonate  and  driving  off  the  ether.  6,0  g 
of  colorless  oil  was  obtained  from  which  we  only  succeeded  in  isolating  oxoaconitane  by  chromatography:  f  g 
of  the  substance  in  60  ml  ether,  solution  passed  through  a  column  containing  a  bed  of  75  g  activated  alumina 
moistened  with  wet  ether:  height  of  bed  70  cm.  After  passage  of  the  whole  of  the  solution,  the  sorbent  In  the 
column  was  w«  shed  with  ether.  From  the  instant  of  commencement  of  emergence  of  the  bases  from  the 
column,  detcr.nined  by  the  reaction  with  >ilicotungstic  acid,  30  ml  fractions  of  eluate  s#ere  collected. 

Distillation  of  the  solvent  from  the  second  to  the  fourth  fractions  gave  2.1  g  crystallizable  substance,  tri¬ 
turation  of  which  with  5^  aqueous  HBr  gave  1  8  g  crystalline  hydrobromide  melting  at  298*  (from  alconol- 
ether)  and  not  causing  a  melting  point  depression  in  admixture  with  the  previously  isolated' hydrnbromide 
of  oxoaconitane  0  1077  g  subsunce  10  ml  water.^  =  1  dm.  flp-O  75  [a^j -69  6*. 

Preparation  of  Hydroxyaconiune 

2  5  g  oxoaconiune  and  1.0  g  LiAlH«  were  dissolved  in  800  ml  absolute  ether  and  refluxed  four  hours 
The  solvent  was  then  distilled  off  to  the  extent  of  two-thirds  of  its  volume,  the  reaction  mass  was  treated  with 
10^  aqueous  HCl  until  the  precipitate  formed  at  the  rtart  of  the  addition  had  redissolved;  the  aqueous  acid 
layer  was  separated,  the  ether  layer  was  extracted  3  times  with  IC^  HCl  The  aqueous  acid  extracts  were 
combined,  made  alkaline  with 40  ^  NaOH  and  extracted  with  ether.  Drying  of  the  ether  extract  with  potassium 
carbonate  and  distillation  of  the  solvent  gave  2  35  g  partly  crystallizing  residue  which  was  treated  with  pentane. 
The  oil  then  went  into  solution,  leaving  a  residue  of  colorless  needles  'The  latter  were  drained  and  further 
purified  by  Crystallization  from  acetone  and  then  from  alcohol.  Yield  0  9  g  colorless  needles  melting  at 
151  5-153*.  0  0881  g  substance:  10  ml  alcobol.^^  1  dm.  Oq  -0  34.  [a)jj  -38  6*. 
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4.064  mg  substance:  12.049  mg  COj.  3.740  mg  H,0.  10.567  mg  subsunce:  0.395  ml  (24*  738  ram). 
Found  <?>:  C  80.91:  H  10.30;  N  4.17.  C,.HjPN.  Calculated  %  C  79.94:  H  10.54:  N  4.44.  0.0113  g 
substance:  0.0989  g  camphor:  At  15.0  and  14.0*  ir  two  experiments.  Found:  M  305  ainl  327. 

CjiHjjON.  Calculated:  M31S. 

^epa.ation  of  Acor.itap^ 

*o  0.8  g  bydroryaconiiane,  widi  ice  cooling,  was  added  8  ml  phosphorus  oxychloride;  die  reaction  mass  wau 
gradually  brought  to  t'"*  boil  on  a  gauze  and  refluxed  2  hours.  The  excess  of  phosphorus  oxychloride  was  distilled  . 
off  in  vacuum  a*’d  the  residje  was  worked  up  water,  at  first  witn  ice<oolL''g  ard  then  on  the  boiling  water 
bath:  the  oil  was  seen  to  dissolve  and  a  colorless  crystaULne  sub:»a’'ce  came  out.  The  suspension  was  made  alkaline 
with  aQueous  ammorJa  and  extracted  with  ether.  After  dryi'g  tte  extract  widi  potassium  carboitate  and  distilling 
off  the  ether,  a  slightly  colored  liquid  base  was  obtained  which  -as  dissolved  Ln  80  ml  alcohol.  To  the  alcoholic 
solution  was  added  1. 5  g  skeletal  nickel  catalyst  and  de  whole  was  shaker,  at  a  slight  excess  pressure  in  a 
hydrogen  a’mosph.e’^e.  Absorptior  was  completed  in  8  hours.  Tt-e  alconoUc  solution  was  filtered  from  catalyst, 
acidified  with  hydrochloric  acid  and  evaporated  I*,  vacuum.  The  co’or’css  cr>«alllre  residue  of  the  hydrochloride 
was  .-ecrysullized  by  addi.-g  ether  to  fs  alcoholic  solution.  >ieid  o.5  g  fine  colorlets  needles,  roclrtng  at  275* 
with  partial  Sublimario'.  0  0915  g  substance.  10  ml  alcot'ol  -  I  dm  1q  -0.34*.  [a)D  -37.2*.  • 

The  specific  rotatio*  did  not  cha-'ge  after  recrystalllzatio:;. 

3.557  mg  substance:  9.733  mg  CC^  3.110  mg  HjO.  3.318  mg  substance;  9.104  mg  C(\\  2.958  mg 
h,0.  3.500  mg  sub/.a-Ke:  0.304  mg  S  (26’.  725  mm).  8.498  mg  substance:  0  295  ml  N,  (26*.  725 
mm).  FoL'nd*;^;  C  74.67.  74.88;  H  9.78,  9.97;  N  3.89.  3  78.  C,jH»N- HCl.  Calculated  •Jk:  C  75.05: 

H  10.20:  N  4.17. 

The  base  was  obtained  by  treating  the  aqueous  solution  of  the  hydrochloride  with  aqueous  ammonia  and 
extracting  with  ether.  After  drying  the  extract  wi*h  potassium  carbonate  a'^d  driving  off  the  solvent,  oily  base 
was  obtained  which  crystallized  when  rubbed  with  a  glass  rod.  Crystallization  from  acetone  gave  colorless 
needles  melUrg  at  69.5'70*.  The  m.p,  was  u’'cha'^ged  after  recry >tai!lzatlo’*.  The  compou.nd  Is  readily  soluble 
In  pentane,  benzene,  ether,  chloroform,  less  readily  soluble  L*  a  cohol  a’d  aceto'.e,  poorly  soluble  in  water: 

It  distils  In  vacuum  without  decompoatlon  at  170  180*  (3  mm).  9  540  mg  >ubstar.ce;  1  ml  alcohol,^  *  0.5  dm, 
Cp -0.24*.  fa  -50.3*. 

4.053  mg  substance:  12.608  mg  CO|;  4.058  mg  H|0.  4.921  mg  substa.nce:  15.241  mg  CC^:  4.916  mg 
H,0.  8.750  mg  subsU'^ce:  0.331  mg  S  (26*.  735  mm).  8  704  mg  sub»tarK:e;  0  353  ml  N,  (26*.  735  mm). 
Fcu.-'d  %  C  84  89.  84  52.  H  11.20,  11.18.  N  4.17,  4  47  CnH„N.  Calculated C  84.21:  H  11.11: 

N  4  68.  4  460  mg  substance.  59.5  mg  camphor;  At  10.5  a  d  iO.O*  i'  two  experiments.  Found; 

M  286  a.^  300.  Ci.H^N.  Calculated:  M  299. 

The  hydrobromide  wa»  obtained  by  trlTura?i'.g  the  with  5^  aqueous  HBi.  After  recrystalllzatlon  from 
alcohol -e the r,  the  salt  melted  at  282  283';  ro  cr-a-^e  a^ter  a  secod  crystallizatior. 

10.021  mg  substarcc.  1  ml  alcohol.^  =  0.5  dm.  Oq— 0. lb*.  I«]q  "^9,4*. 

3.882  mg  sjbs»a-<e-  9  533  mg  CO^;  3.030  mg  H,0.  4.195  mg  suD.tarcc:  10.300  mg  CC^:  3.311  mg 
H,0.  9.085  mg  Jubsta-xe:  0  307  ml  N,  i26*.  732  mm).  10  4t5  mg  suDstance:  0.324  ml  l26*. 

732  mm).  Fou?d  ‘Jb;  C  67  01  67  00.  h  8  73.  8.83.  f-  3  7i.  3  42  C|^H,,N  -  HBr.  Calculated  C  66.30; 

H  9.00.  N  3  68. 

SUMMARY 

F.»on.  sopgorLne  C.,.H,p,N  we'«  p  ep-'ed  tr.e  p.e  .io  .fl,  vnk'own  amno  ketone  oxoaconitane  C,iH„ON, 
the  ammo  akohof  hyd-oxiaconitane  .'d  he  ox,gcn-*  ee  s.bsMrte  aconitane  CuH^N. 
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THE  STRUCTURE  OF  THE  POLYAMIDES  OF  OIPHENIC  ACID 


S.  S.  Spassky  and  M.  A.  Mikhailova 

The  polyamides  formed  by  diphenic  acid  ar<l  bexamethyleoe’^tramine  are  transparent,  light-yeilow  resins, 
soluble  in  m-cresol,  alcohol -benzene  and  glacial  acetic  acid.  TVit  resL’'s  with  a  molecular  weight  of  10,000  have 
a  m.p.  of  170-175  .  Due  to  the  fact  that  the  riructv^  of  high-roo’ccular  compounds  considerably  influences  their 
physical  properties,  it  was  of  interest  to  establun  to  what  e».te..T  ±r  molecular  c^^ins  of  polyamide  prepared  from 
d.phenic  acid  and  hexamett  ylenetetramine  were  O'le'^ied,  For  ir.e  putpo>e  of  studyi.'ig  the  polyamide  structure, 
pOivhexamethyleredipher.amide  and  ^tor  comparLo")  polyr.e»ametnyle;ead:pamide  were  synthesized. 

The  reaction  conditiors  for  the  preparaTu>'  of  polyhe»amethyle'ediphenamlde  were  as  follows:  The 
neutral  salt  dipfienic  acid  a'd  hexameLhylerediam'jie  was  piaced  tn  a  flasi  heated  on  a  metal  bath.  The 
bath  temperatuM  was  regulated  by  a  coquet  theT.rx>me* ••e»  a'-d  cntc.sed  by  a  mercury  thermometer  immersed 
in  the  reaction  mixture.  The  reaction  was  pf  rformed  at  «  tempe.'atore  of  220*  for  2  ho'us  under  a  reflux 
cordensci  then  lor  four  hours  w*it*out  the  concern*  wprie  d*5':ii»ng  off  reaction  products,  and  for  two  hous 
la  a  10  15  mm  vac.ium  at  th«  same  tempe:atu.*e  f«.t.-ogen  (p..:’fied  horn  oxygen  races)  was  passed  ihtougjh 
the  reaction  mxtare  dx»irg  »he  experimcrtt. 

Polyhexamethyicneadipamide  was  ‘vnihesized  bv  tne  k.“ awn  procedure.* 

The  prepared  polyhcxamethylerediphe.namide  had  m.p.  170-175*;  the  polyhexamethyleneadipamide 
had  m.p.  248-250*. 

Filaments  with  a  diameter  of  about  1  mm  were  drawn  etj*  from  the  polyamides  ar.d  X-ray  diagrams  were 
prepared,  ••  using  a  *Mikro*  apparatus.  Exposure  50  milllampere  heurs. 

Double -sided  D.:byeograms  were  obtafred.  or.  which  could  be  measured  the  dUunces  (21)  between 
symmetrically  dutributed  diffraction  panertr.  Knowing  tre  radius  of  the  cyli'drical  camera  (2R  =  57  4  mm), 
we  could  determine,  from  the  measured  dista^'ces,  the  devix'icn  a'^gle  0  for  each  diffraction  pattern  (  0  =  _1/2I^. 
From  these  angles  was  determined  the  value  (d)  of  the  i"erpla‘at  dista..ces  (for  the  Debye  lines)  or  the  me«n 
distance  (d*)  between  the  scanerirg  centers  (for  diffusion  haloes)  by  the  usual  fo»mula  (for  X  *  1.537  A). 

The  X-ray  diagram  prepared  from  polyheximet-hylenediphe'amide  co.itains  ordy  diffusion  haloes 
characterized  by  the  magr.it jdes  pre>e*red  In  Table  1, 

The  X-ray  diagram  prepa.'Cd  from  tiexametnylereadiparcide  conul*  s  apar.  from  diffusion  haloes  one  of 
wi'lch  Is  resolved  Into  two  very  rrmilar  i-depcr.dert  haloes,  fo.r  relatively  weak  and  diffuse  Debye  lines.  The 
dati  characterizing  the>e  haloes  are  set  out  tn  Fable  2. 

The  data  triat  have  been  obtained  show  that 
poIyhe*ametE.yle"ediphe.ramide  has  a  definitely 
amorr»ooui  structure.  This  amorphous  structure  is  evidently 
due  ta  fre  du^rlbatlo’-  of  the  carboxyl  groups  in  diphenic 
acxJ  nor  betr.g  iavorable  to  orientation  of  the  polyamide 
chains 

T-e  X  Ri>  diagrams  of  the  polyamides  are  shown  in 
*^lg.ue$  1  i'a  2. 


•  See  V.  V.  Korshak  ard  S  R  Rafrkov  SsM^'eJs  a'd  ‘  we-fsi  i  •-  of  Higr  Molecular  Compounds  p  240  (1949). 

••  The  X-ray  work  was  earned  out  ir  tre  l^bora’^ory  'st  p'vsicai  irtr'allurgy  by  Doctor  V.  L  Arkharow  a'd 
assistant  Z.  P.  Kichigina  to  wtom  we  convey  our  tra.'>s 


TAf.LE  1 


0 

d»(A) 

Maximum  error  Ad 

(A)  with  a  measuring 

error  of  ^0  2  mm 

6*00* 

7.361 

0.25 

10*31’ 

4.216 

0.12 

21^4’ 

2.109 

1 

0.018 
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Fig.  1.  X-Ray  diagram  of  polyhexamethylenedii*enaniide. 


Fig.  2.  X-Ray  diagrarr  of  polyhexamethylenedlparnide. 


TABLE  2 


e 

d 

Intensity  and  diffusivity 

C^2* 

6.939 

Moderate 

lO'OO* 

4.431 

Very  strong  diffusion 

11  •59* 

3.705 

Very  strong  diffusion 

18*56’ 

2.372 

Weak 

20*48’ 

2.167 

Weak,  strongly  diffused 

22*45’ 

1.990 

•  Very  weak,  strongly  diffused 

3ir2r 

1.475 

Very  weak,  strongly  diffused 

40*03’ 

1.196 

Very  weak,  strongly  diffused 

.  SUMMARY 

It  has  been  established  that  polyhcxamethylenediphenamide  possesses  an  amorphous  structure. 
Received  June  27.  1951  Ural  Branch  o*'  the  >^ademy  of  Sciences  of  the  USSR 
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SYNTHESIS  OF  DERIVATIVES  OF  3.4’  AC  E*  1 . 2  -  BE  KZ  A  NT  H  R  ACENE 
WITH  THE  HELP  OF  LITHIUM  REAGENTS 


5.  M  MiFnailov  and  T.  K.  KozminiltayA 


Hon>clogs  of  o.4'-ace-l  2  berza''»Fjice'^e  are  cf  i  t-xjuv,-  o*  ibiHty  'o  ir-duce  inalignart 
neoplasms  [1].  ope  of  us  syntriesued  them  [2]  by  reaetior  cf  rmaare^viurr  comfv^ui'J*  with  3,4‘-ace-1.2* 
berzanti'.rone-l 0  The  yields  of  ''ydrocaiho  s  did  r'ot  e^ttec  zl  30'i  j>  ifie  iLeoietu*!  h>  this  route. 

the  pr.:ser.t  tommurii  atio-  we  describe  a  inr»h3d  cf  p-t fj  i'io.-.  o»  a*i-yl  a"J  other  fuzctloiial 
de''i'«atri<es  of  3  4'-ace  1  2-bep2ar'tfuace'e  wirri  sub5tiTue’'t:  i*  *&£  iC  positioa.  based  ou  the  use  of  organo- 
Iitniiim  coinpoupds  [3]  T»;c  starti''g  orga  oU’Mjih  ccirp^'j^d  3  4'-icC‘l,2 •berza'.thtacene,  which  readily 
excharges  the  metal  for  diverse  radicals,  u  smoothly  Diepaied  Cy  OiC  action  of  n  butyllUhiom  or  of  % 
pheiyllithium  on  lO-bromo  3.4’  ace-1  2  be-za-'t.raceoe. 

Replacement  of  bioir.i'c  by  Ii’nizm  f.  10  brom'  3  i  s.e  i.2  bcrza'tn'acene  p’occeds  much  more  slowly 
with  phe'yllithfum  trar  with  n  bjty'ltth’jm.  I .  'he  ‘o'lner  ts'C  tnc  reactio*  is  conipicied  after  ar  hour, 
whereas  with  n-butyllirhi jm  it  is  completed  n  a  few  mi'-ates. 

Tlie  reaction  betweer  3.4  ace -1.2  bef'za'thtyl  10  ittr  uir  and  alKyl  halides  piocreds  more  or  less  readily 
depending  on  their  nature.  The  reaction  pfcceed>  the  most  redii.y  witn  methyl  iodide,  giving  lO-iTjethyl-3,4** 
ace-1  2  ber*za'»thracene  (1)  ir  72<>«  yield.  Reaction  betwef-  3  4‘  ace  i.2-benza3ihryl  lO*llthlum  t-nd  higher 
a-iFyl  halides  (ethyl  iodide  a^id  n-butyl  iodide)  p.'oceedv  muc*"  rrorc  slowly  and  calls  foi  heatln;^  for  about  40  hour* 
at  40*  in  order  to  complete  it  (11  and  III). 

In  the  carboxylation  of  3.4*-ace  12  berza'-'htyl-lO  ptepated  with  the  bclP  of  n-butyllithium  or 

phenyllithium.  from  8  to  20^  of  the  3  4’  ace*l  2  ber>zantnracer-e  ts  tecovered  unci’angcd  side  by  side  with  tb« 
carboxylic  acid  (IV)  (4C<?t  yield).  It  was  established  tl.a»  ire  b^drvarbop  ’»  formed  duHOg  the  very  process 
of  carboxylation  and  is  not  a  c  0‘''st:viue'’ce  of  reactio'*  betweer  thn  yrga'^’Oiitnium  com|X>uud  and  the  ether, 
toward  which  3,4'-ace,1.2-berizantt;iyl  io-lnh*urn  is  very  siab>e. 


^  ■  Ci'j  (I ),  (il)  )  s.‘.X5-.  ;!• )  i-C-H  .  t, 

RcdCiiO''  of  the  start!  g  orga'o!!»hi  jir  coipon^ird  wih*.  « 
correspond!  g  tt.hyl  este*  of  J  4  ace-l  2  benza-  ■'  e  10  c»f 
ace  1.2  ■be  "zanthracev  {\  I) 

Witlj  •'.•on-ep'TMi.ii.g  K-'v  tfs  ti.c  Mi  :  'j  ■ji-jA.it'  i  .f 

S:!  zo;j.e,none  gave  3  1  ace.  i  C  hc  -ta  o  ;y>  ..  C!,*?  .  yi>.s.;i.  . 
10  flucieriol  (VIII): 


^  .  Ct;,Cr»,Ori  ^Vl) 

,1  r r.C'o’orn  ate  or  clhyle'te  oxide  gives  the 
..>’c  acid  (’v)  a'^d  iO  8  tvdroxyetnyl-3.4  • 

1  Z  DC.  Za  If.tdi  CMv  givcs  tciMaiy  aU'.  *  Ol. 
*’-0;c  O'-e-  gasc  j,4’-ace-l,2-tcn/anlhi>i 


10-Me;hvl-3.4*-ace-1.2-bcr>za'  thracer.e  (I)  To  an  clhercal  solution  of  n-butylliihlum,  prepared  by  the 
usual  rnethod  [3]  from  0  5  g  n-butyl  criorlde,  0  1  g  metallic  llUjlum  and  10  ml  absolute  ether,  is  added  a 
solution  of  1  g  of  10-bromo-3.4’*ace.l.2-ber2a':tnracene  In  15  ml  dry  benzene  (thIophene-free).  After  10 
minutes,  addition  is  made  to  the  reaction  mass  of  an  ethereal  solution  of  1.3  g  methyl  iodide.  The  mass  is 
heated  for  2  hours  at  40*  and  treated  with  water,  the  solvents  aie  distilled  off  and  the  crystalline  residue 
it  twice  recrvitallized  horn  a  mixture  of  benzc.ne  ard  ethanol  to  give  0,58  g  light-yellow  crystals  melting 
at  181-162*  and  rjot  depressing  the  melting  point  of  a  specimen  of  10-methyl-3,4'-ace,1.2-benzanduacene 
, prepared  oy  another  route  12]  Yield  72  5*5^  of  the  theoretical, 

10-Ethyl-3.4’-aco-l  2-ben2anthracere  (11)  To  3,4'-acc-l,2-benzanthryl-10-lithium.  prepared  by  the 
above -described  method  from  1  g  of  the  bromo -compound,  was  added  14  g  ethyl  iodide,  and  the  reaction 
mass  was  heated  for  40  hours  at  40'. 

After  the  reaction  mixture  had  beer,  worked  up  in  the  usual  way,  the  ether-benzene  layer  yielded  a 
resinous  product  from  which  was  obtair-ed,  by  crystallization  from  benzene-petroleum  ether,  0.34  g  substance 
melting  at  1C8-171*  (40.1'^  of  theory). 

After  a  fresh  crystal lizatio.n  from  the  same  solvents,  the  m  p  was  174-175*  and  there  was  no  depression 
in  admixture  with  a  specimen  of  lOe^hyl  3.4'  ace-1.2 -bcrzarthracene  [2]  3, 4'-Acc-l, 2  benzanthracene  was 

not  detected  among  the  reaction  products. 

Keatirg  for  3  hours  gave  13^  of  10  etnyl  3.4'-ace-l  .2ber.zanthraccre 

lO-n-Sutyl  3.4' ace-1  2be'za-*j:r'.ce-.e  (i:i)  To  3,4’-ace-l,2-benzanthryl-10  lithium,  prepared  from  1  g 
10bromo-3.4'-ace-1.2berza-thrace'.e,  was  added  2  5  g  r*  bj'.yl  iodide.  The  mixture  was  heated  for  40  hours  at 
40*.  From  the  reaction  products  was  isolated  a  r.ydrocarbcn  (0.57  g)  with  m.p  122-128*  (60.3^oof  the  theoretical). 
After  recrystallization  from  berze*e-etr.a'^ol,  the  substance  melted  at  12'’-128*  a*  d  did  rot  depress  the  m.p.  in 
admixture  witn  a  specimer  of  10  butyl-3.4  -ace  1,2  berzatl-raccre  p]  When  the  reaction  period  was  cut  down 
to  20  liours.  the  products  isolated  were  0  19  g  10  ''  bu»yl  3  4’  ace-l.2be'izanthrace.:2  with  m  p  121  130*  (41‘9»  of- 
the  theoretical)  and  0  05  g  3.4'-ace-l  2  be'za'ttirace^-e  (13^)  formed  by  hydrolysis  of  the  original  organolithium 
compound  not  entering  into  reaction. 

3.4  -Ace-1.2-berzanthfacepe  10-carbo>yMc  acid  (IVj 

a)  L’sing  nbutyllithium.  To  an  etnereal  solution  of  ■.  bjtyliithium.  prepared  from  0  5  g  n-butyl  chloride 
and  0  1  g  lithium  metal,  was  added  a  be'^ze  e  -o'utior  of  1  g  10  bromo-3.4'-ace-l. 2-benzanthracene  (15  ml) 

After  10  minutes  the  reacuon  mixture  was  poured  on  to  solid  carbon  dioxide,  then  water  was  added,  and  the 
precipiute  was  filtered  ard  treated  witn  hot  caustic  alkali  solution:  the  alkaline  filtrate  was  combined  with 
the  main  aqueous  layer  Acidificatio.!  yielded  0  52  g  3.4  ace  1.2 benzanthracene-10 <arboxylic  acid,  melting 
at  229-230*  (witn  deco.mp  )  Yield  58  7^  o*  tre  theoretical 

After  crystallizatio:;  from  etria'Hjl,  the  ac:d  forms  lorg.  yellow  'eedles  melting  at  236-237*  (with 
deco.mpositior.) . 


5  257  mg  substance:  16.3D4  .-rig  CO,;  2  304  mg  H,0.  Found  C  84.63;  H  4,90.  C„H,40^. 

Calculated  ‘S*-  C  84.54;  H  4.73. 

From  Lie  ether-benzene  layer  was  separated  0.03  g  of  a  light-yellow,  crystalline  substance  which 
after  crystallization  frcm  benzene  had  m.p.  191-1S(2*  and  did  not  depress  the  m.p.  in  adrnlxturc  wi* 

3 ,4 ' -ace-1 .2 -be  nzan  thrace  ne, 

^  Using  phenyllithium.  To  an  ethereal  solution  of  phenyllithium  (0.002  mole)  wii  added  a  benzene 
solution  of  0.5  lO-bromo-3  4*-ace-1.2-benzanthracene  (0.0C15  molel.  After  reaction  for  10  minutes,  the 
products  of  reaction  were  carboxylated  by  the  usual  method.  0.05  g  3  4*-ace-1.2-benzanthracene-10- 
carboxylic  acid  (ll'jiof  theory)  and  0.33  g  of  the  original  bromo  compound  (CO^oof  the  amount  taken)  were 
obtained.  On  increasing  the  duration  of  reaction  to  if  hours,  the  yields  were  0.19  g  acid  (42.7®/6of  dieory) 
and  0.08  g  3.4'-ace-l,2-be.''.2anthxacer«  (21‘?»of  theory). 

The  same  results  were  obtained  when  the  duration  of  &e  reac'ior  between  pf-tnyl lithium  and  the  bromo 
compound  was  raised  to  3-5  hours  Sor  did  the  picture  cha.'ige  wne"  the  amount  of  p'rienylluhlum  was  increased 
to  3  equivalents. 

Ethyl  ester  of  3  4' -ace-1  2  berza- thracene-10-carbo<vUc  acid  tV).  Reaction  of  an  ether  benzene  solution 
of  3.4'-ace-1.2-ber,za-,thryl-10-l:t.Mu.-r.  prepared  from  0.5  g  10-brojno-3.4’-ace  1.2-ber-zanthracene  a.nd  n-butyl- 
lithium,  with  0.2  g  ethyl  monocrlorcfor.-nate  gave  a  yellow  crystalline  product,  meltlrg  after  crystallization 
from  a  mixture  of  benzene  and  petroleum  ether  at  161-177*.  After  recrystallization  from  the  same  solvenu,  0.26  g 
of  the  ethyl  ester  of  3.4'-ace-1.2-bcr:2anthiacene-1.0-carboxylic  acid  was  obtained  with  m.p.  180.2-182.5 
(yield  53.5^  of  the  theoretical).  After  one  more  recrystallization  the  compound  melted  at  182.5-184.5., 

4.462  mg  substance:  13.823  mg  CC\:  2.300  mg  HjO.  Fourd  C  84.54:  H  5.76,  Calculated 

C  84  66;  H  5.52. 

From  the  main  mother  liquor  was  isolated  0.025  g  3. 4*-ace'l, 2  benzanthracene  (m.p.  189-191*). 

10-B -Hydroxyethyl-S  4*-ace-l  2-benzar.thracere  (Vp.  Ir.’o  an  ether-berzene  solution  of  3,4  -ace-  1,2- 
benzanthryl-lO-lithium,  prepared  fro.m  1  g  10-broroo-3,4’'ace'l,2-berzar.th!acene,  was  passed  an  excess  of  gaseous 
ethylene  oxide.  Heat  was  developed  and  a  white,  flocculent  precipitate  of  lithiim  alcoholate  was  formed.  The 
latter  was  decomposed  and  0  44  g  of  a  substance  with  m.p.  187.5-189*  was  filtered  off.  Tlie  ether-benzeae  solution 
yielded  0.19  g  substance  with  m  ?.  184  187*.  Crystallization  of  the  combined  precipitates  fiom  ethylacetoacetate 
gave  0.56  g  (62‘^  of  the  theoretical)  of  10-fl  hydioxyediyl  3.4’-ace  1.2-be.''zar.thracene  in  the  form  of  yellow, 
fluffy  needlcts  melting  at  189  5-1&U  5*.  „  ^  u  rs 

3.888  mg  substance-  12.614  .xg  CO,;  2.139  mg  ri,0.  Fourd  C  88.53:  H  6,16.  CnHi,0. 

Calculated^.  C  88  56:  H  6.03. 

3  4'-Acel.2-benzanthryl-10-dty.enylcafbtx)l  (VII).  To  an  ether  he 'zer.e  solution  of  3,4‘-ace-1.2- 
benzanthryl-lO-lithium.  prepared  fro.-n  1  g  10-bromo-3.4‘  ace-1  2-benzanthrace.ie  and  n-butylllthlum.  was 
added  0  55  g  benzopheno.ne.  After  2  hoars,  water  was  added  to  the  reaction  mixture,  the  solvents  were  distilled 
off  and  the  residue  crystallized  from  isoamyl  ether,  to  give  0,84  g  yellow  powder,  meltU'g  at  189-192  (with 
decomp  )  Yield  64  1^  of  the  thcoretxal. 

Recrystallization  from  the  same  solvent  gave  0.50  g  3.4’-ace-l,2-berzat.thryl-10-dipher.ylcarbinol  in  the 
form  of  long  prisms  melting  at  193-193.5*  (with  decomp.). 

7.312  mg  substance:  24.306  rrg  CO,.  3.720  mg  H,0.  Found  C  90.71;  H  5.69.  C„HmO.  Calculated  ^ 

C  90.78:  H  5.54. 

3.4'-Ace-l ,2-berzanrhryl-lO-fI jQ-enol  (VIII)-  To  a  solution  of  3,4  -ace-1. 2-bcn2anthryl  10  ilthiuro, 
prepared  from  0.5  g  10-bromo-3.4’-ace-l,2-be.'‘2arithrace'^!e  and  n-butylUthium,  was  added  an  ethereal  so  ut  on 
of  0.28  g  fluorenonc  Slight  heat  was  developed  a.nd  the  color  became  lignter.  After  work^ing  up  as  usual,  the 
oily  residue  was  crystallized  from  isoa.myl  ether  0.46  g  yellow  powder  with  m.p.  230-231  was  • 

representing  70. of  the  theoretical  yield  After  two  crysullizatio.'s  from  acetone  it  forrtKd  stout,  ght- 
yellow  needles  of  3,4  -ace-1, 2-bc'-zantrryl-10-fluore"'Ol.  melting  at  234.5-235  , 

5.814  mg  substa.ncc  19  430  rrg  CO,.  2.681  mg  H,0  Fou'xJ  C  91.20,  H  5.16,  C,|HaO- 

Calculated  ‘S*  C  91.21  H  5  1C. 
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SUMMARY 


Reaction  of  n-butyllithiuni  or  phenyllith«*im  with  10-bronio-3,4’-*ce-1.2-t>cnzanthracene  gives  3,4*-ace- 
l,2-beiizanthryl*10-lithium,  which  can  be  succef  fully  used  for  synthesis  of  boioologs  and  oxygenated  derivajivet 
of  3,^ ’-ace-1, 2-benzanthracene. 
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SPECTROPHOTOMETRY  OF  BIURET  COMPLEXES  AS  A  METHOD  OF  INVESTIGATION 

OF  PROTEINS  AND  PEPTIDES 

XVII  DIRECTION  OF  ENOLIZATION  DURING  THE  BIURET  REACTION  OF  PROTEINS  AND  PEPTIDES 
M.  I.  Plekhan  and  N.  D.  Russianova 

The  necessity  for  a  strongly  alkaline  medium  for  the  fcimaiiO-t  o^  biuret  complexes  gives  reason  to  believe 
that  enolization  must  occur  in  this  reaction.  This  is  suppcrred  by  RisL'g's  observation  [1]  that  substituted  phthal* 
imide  and  succinimtde.  in  which  there  is  no  possibility  of  e-oiization.  do  rot  form  a  biuret  complex.  But  whereas 
in  the  case  of  diamides  arsd  imino  acids  only  one  direction:  of  enolization  is  possible,  there  are  two  possible 
dUectlons  of  the  reaction  with  peptides  and  proteins: 


-CH-N=C-CH^= 

/I  I 

•  •  /  rn  ^ 

-CO-CH-NH-CO-CH-NH^ 

R  it  OH 

=C-NH-i:=C-NH- 


Although  Rising  ruled  out  the  possibility  of  the  N-enollc  form  of  the  peptide  bond  in  the  structure  of  the 
biuret  complex  of  triglycylglyclne,  he  did  not  experimentally  demonstrate  the  correctness  of  this  hypothesis. 

Since  we  considered  the  N'enolic  form  of  the  peptide  bonds  to  be  the  most  probable  in  the  biuret  reaction 
of  peptides  and  proteins,  we  considered  an  experlmenu!  proof  of  this  feature  of  the  structure  of  the  complex 
desirable, 

1.  Effect  of  the  Biuret  Reaction  on  the  Optical  Activity  of  Peptides  and  Protein 

On  comparing  formulas  (!)  and  (II)  we  can  observe  thut  carbon-carbon  enollzatlon  (direction  11)  must  lead 
to  loss  of  the  optical  activity  of  a  polypeptide  and  protein.  On  the  other  hand,  enollzatlon  of  the  peptide  bond  In 
accordance  with  scheme  I  does  not  modify  the  optical  activity  of  the  substance.  In  the  light  of  these  considerations 
we  based  our  Investigations  on  a  study  of  the  optical  activity  of  synthetic  polypeptides  and  proteins  during  forma* 
tion  of  the  biuret  complexes.  As  synthetic  models  we  used  optically  active  alanine  dl-  and  trlpeptldes  which  were 
synthesized  essentially  by  Bergman’s  method.  (Details  In  experimental  part),  ftotelrn  taken  for  Investigation  were 
casein,  gelatin  artd  serum  albumen.  solutions  of  protel.ns  and  peptides  were  prepared  and  the  rotation  of  the 
plane  of  polarization  by  these  solutions  was  measured.  Solutions  of  the  copper  and  nickel  biuret  complexes  were 
also  prepared.  In  the  case  of  the  nickel  complexes,  the  rotation  measurements  were  performed  on  the  solutions 
of  the  complexes  themselves.  The  solutions  of  the  copper  complexei  were  so  Intensely  colored  that  they  were  not 
amenable  to  measurement,  and  the  rotation  was  determined  after  breakdown  of  the  complex  by  acidincation. 

Results  presented  in  Table  1.  The  followung  pounts  emerge  or.  examining  the  data  of  this  table: 


1)  Formation  of  nickel  biuret  complexes  both  by  proteins  and  polypepf  ides  In  the  majority  of  cases  does 
not  charge  the  magnitude  of  the  rotation  of  th^e  plane  of  polarlzatior:  (column  4).  The  rotation  of  the  nickel  biuiM 
complev  of  the  alanine  tiipeptide  is  higher  than  the  rotation  of  the  free  alanir.e  tripeptidc.  The  insignificant  fall 
In  the  rotation  of  the  solution  of  the  casein  complex  is  witf.i''  the  limit  of  experimental  error. 

2)  Formation  of  a  complex  contributes  to  the  consiarcv  of  *he  optical  activity  of  proteins  and  peptides  and 
hindnrs  racemization  under  the  influcnce  of  alkalies.  Eve*  af'.e:  sta  di'g  for  24  I»ours  the  rotation  of  solutions  of 
biuret  complexes  of  proteins  aitd  peptides  does  not  charge  (coi^mn  4).  On  the  other  hand,  after  standing  with 
alkali  for  24  hours,  the  solutions  of  the  free  proteins  a'd  pe^.dt»  undergo  considerable  racemization  (column  3). 
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TABLE  1 

O^rical  Activity  of  Peptides  and  Proteins  after  Formation  of  Biuret  Complexes 


Substance  examined 

1 

- rn 

3 

4 

Cone,  of 
solution  0o) 

Roution  of 
solution 

Rotation  of 
solution  with 
addition  of  alkali 
after  24  hours 

Rotation  of 
biuret  complex  of 
the  substance  after 

2  hours 

24  hours 

Casein . 

1 

-1.15 

-0.65 

-0.95 

-0.98 

Gelatin . 

1 

-1.4 

-0.75 

-1.4 

-1.45 

Seaim  albumen . 

1 

-0.67 

-0.5 

-0.62 

-0.62 

Carbobenzoxy-1 -alanyl  -1 -alanine  ..... 

1.5 

-0.62 

-0.4 

-0.6 

-0.6 

I-Alanyl-l-alanine . 

2 

-0.5 

-0.35 

-0.55 

-0.55 

Carbobcnzoxy-l-alanyH-alanyl-l-alanine  . 

1 

-0.75 

-0.51 

-0.98 

-0.98 

1-Alanyl-l-alanyH -alanine . 

1.25 

-0.58 

-0.38 

-1.0 

-1.0 

3)  After  decomposing  the  biuret  complexes  of  proteins  and  peptides  with  hydrochloric  acid,  vc  observed 
a  considerable  decline  of  the  optical  activity  of  both  proteins  and  peptides  (columns  S  and  7).  Cases  are 
reported  in  the  literature  of  a  considerable  effect  beLng  exerted  by  salts  and  acids  on  the  optical  activity  of 
protein  solutions  [2,31  It  was  necessary  to  check  whether  there  was  a  marked  drop  in  the  optical  activity  of 
solutions  of  proteins  and  peptides  as  a  result  of  addition  of  acid  and  of  a  nickel  or  copper  salt  (which  was 
formed  after  decomposition  of  the  complex).  For  this  purpose  the  rotation  was  measured  with  solutions  of 
free  proteins  with  additions  of  hydrochloric  acid  and  nickel  nitrate  or  copper  acetate  in  the  same  concentration 
as  was  present  after  decomposition  of  the  complexes  (columns  6  and  8).  It  was  found  that  the  m^nitude  of 
the  rotation  with  solutions  of  proteins  with  additictis  of  hydrochloric  acid  and  salts  was  the  same  as  that  with 
solutions  of  proteins  after  decomposition  of  the  complex  (both  the  nickel  artd  the  copper  complex).  Consequently 
the  fail  in  rotation  with  protein  solutions  observed  after  decomposition  of  the  complex  la  the  result  of  addition  of 
hydrochloric  acid  and  the  formation  of  a  salt,  and  is  not  tne  result  of  raceraization. 

All  the  above  observations  lead  Indisputably  to  the  conclusion  that  racemization  does  not  take  place  during 
the  biuret  reaction  of  proteins  ar*d  peptides  and  tha*  consequently,  enolization  of  the  riptide  boiNls  occurs.  We 
^re  therefore  justified  in  representing  the  peptide  bonds  in  the  erol  form  in  the  structure  of  the  biuret  complex  of 
proteins  and  peptides. 

2.  Influence  cf  Optical  Isomerism  of  Peptides  on  the  Formation  of  the 

Biuret  Complex 

In  a  previous  communication  one  of  us  at.owed  the  irTiuence  of  various  amirio  acids  on  the  character  of  the 
complex  formation  of  peptides.  But  the  question  of  the  ir.r.uc''ce  of  the  optical  isomerism  of  ammo  acids  on  the 
biuret  reaction  of  peptides  has  not  previously  been  considered:  Ir^view  of  the  fact  that  natural  compourjds  contain 
optically  active  ammo  acids,  it  is  necessary  to  cstabU>h  whetlicr  the  optical  activity  of  the  amino  acids  also  has 
some  influence  on  the  character  of  complex  formation  of  pepMdes.  With  this  aim  we  synthicsizcd  alanine  di- 
and  tripeptides  into  whose  composition  entered  both  the  r-aturaM -lorm  of  alanine  and  the  »y:.tbetic  ^-form. 

For  comparison,  we  also  synthesized  tre  racemic  alanLne  di  and  mpeptides. 

In  Tables  2  and  3  and  Figures  1  a^  2  arc  preser*»ed  the  results  of  spectrojrtiotometrK  mF.asuremePts  of 
high  absorption  by  the  copper  biuret  complesei  of  aU.'ine  di-  a.id  tripepudcs. 

Table  2  and  Fig.  1  show  that  the  character  of  tnc  absorption  of  the  complex  of  the  racemic  tripeptide 
is  similar  to  the  absorption  of  optically  active  ^•ala.'‘>l*^alaryl-l*alani''e  ard  Of  the  tripeptide  containii:.g  die 
^■form  (l^'alanyW-alanyl-Wlaninc).  The  posttiori  of  tne  maximum  1”  all  three  complexes  is  at  one  and  the 
same  wave-length  of  570  m/i.  The  intensify  of  absorption  twoughout  the  whole  of  the  visible  p(7tioc  of  die 
spectrum  is  very  similar  in  all  three  complexes. 

The  spectrophotometne  investiga^ioa  of  tr:e  Itght  abvorptio*'  by  complexes  of  alar*yl  dipeptides  a'‘d  their 
carbobenzoxy  derivatives  showed  that  the  complex  of  tre  optically  acti.e  1  alanyl-l-alanme  has  an  absorption 
ch.aracter  very  similar  to  that  observed  by  us  for  tr.c  complex  of  racemic  aianylalanir>e.  The  absorption  maximum 
with  complexes  of  alanyl  dlpepndes  l:es  at  a  wave  length  of  650  m,*.  ard  with  complexes  of  Ae  carboberxoxy 
derivatives  of  660  mp.  The  resoits  provide  ev.de"ce  that  the  character  of  u:e  absorption  in  die  vuible  region 
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5 

6  i  7 

8 

Rotation  after 

Rotation  of  test  j  Rotation  after 

Rotation  of 

bieakown  of 

solution  vdth  |  breakdown  of 

solution  with 

Ni-coroidex 
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Fig.  1.  Optical  density  of  solutions  of 
copper  biuret  complexes  of  tripeptides 
(Kl.  /300).  1)  ^-Alanyl-^-alanyl-l; 
alanine;  II)  l^^lanyl-^alanyl-l^lanine; 
HI)  racemic  dialanylalanine . 


TABLE  2 

Magnitudes  of  Optical  Demities  c  of  Copper  Biuret 
Complexes  of  Tripeptides  (Tripeptide  Concentration 
M./150) 


X  (in  mp) 

Racemic 

alanylalanyl- 

alanine 

[l-Alanyl-lj 

alanyl-1; 

alanine 

Ij-Alanyl-d-alanyl- 

J^-alanine 

480 

0.0642 

0.0630 

0.0807 

500 

0.1202 

0.1138 

0.1263 

520 

0.1746 

0.1494 

0.1601 

540 

0.2189 

0.1752 

0.1909 

550 

0.2251 

0.1861 

0.2075 

560 

0.2290 

0.1984 

0.2156 

570 

0.2346 

0.2170 

0.2249 

580 

0.2180 

0.2005 

0.2150 

590 

0.2042 

0.1990 

0.2071 

600 

0.1822 

0.1895 

0.2008 

620 

0.1608  J  0.1751 

0.1910 

640 

0.1469  1 0.1523 

0.1731 

660 

0.1256  1 

0.1342 

0.1587 

680 

0.1172 

0.1258 

0.1377 

700 

0.1091 

0.1184 

0.1241 

730 

0.1065  j 

0.1021 

0.1104 

biuret  complexes  of  dipeptides  (KL/KD). 
1}  Racemic  alanylalanlne.  II)^-alanyi-^ 
alanine,  HI) J-alacyH-alanine. 


of  the  spcctmra  by  biuret  complexes  does  not  depend 
on  the  optical  activity  of  the  substance.  It  is  also 
paitiCL-Urly  interesting  to  note  that  similar  absorptions 
aie  exhibited  r.oi  only  be  lacemic  and  optically  active 
aianyl  peptides  but  al>o  by  the  complex  of  the  alanyl 
tnpeptide  whose  amino  acids  do  not  all  possess  the 
same  type  of  rotation  (l*alanyl-d  alanyl-l*alanine). 

Not  less  important  is  the  obsetvation  that  the  absorp¬ 
tion  by  complexes  of  alanyl  peptides  is  nearly  identical 
wirh  the  absorption  of  the  corresponding  glycyl  di- 
and  tripeptidcs. 


EXPERIMENTAL 

Optically  active  forms  of  alanine  were  prepared  by  resolution  of  racemic  carbobenzoxyalanine  with  the 
help  of  active  papaine.  The  fermentative  synthesis  of  the  anilide  proceeds  only  with  the  naturaW-form  of 
alanine  in  the  form  of  the  carbobenzoxy  compound),  the  catbobenzoxy;d  aianlne  remaining  in  solution: 


CHj^HCOOH 

NH-OCOCH,C*1^ 

d.I 


♦  Il|NCcf% 


CHjCHCONHCjH, 

NH-OCOCH,C,H, 

1 


♦  CHjCHCOOH 


NH“OCOCH,C^ 

d 
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TABLE  3 


^lagnitudes  of  Optical  Densities  c  of  Copper  Biuret  Complexes  of  Dipeptides  (Concentration  of  Dipeptide  M/150) 


X  (in  mp) 

Carbo- 

benzoxy- 

alanyl* 

alanine 

Alanylalanir.e 

(racemic) 

Carbobenzoxy- 

2^-alanyl-^ 

alanine 

_1-Alanyl- 

Ijalaninc 

Carbobenzoxy- 

d-alanyM- 

alanine 

1  d-AlanyM-alanine 

r 

i 

480 

0.0107 

0  0310 

0  0329 

0.0489 

0  0300 

0.0185 

500 

0.C232 

0.0402 

0  0413 

0.0491 

0.06S9 

0  0421 

520 

0.0482 

0.0799 

0  0833 

o.cc« 

0  0970 

0.0855 

540 

0.0555 

0.0870 

0.0688 

0.0930 

0.1411 

0.1121 

560 

0.0799 

0.1098 

0  1234 

0.1049 

0  1569 

0  1270 

580 

0.1036 

0  1160 

0  1621 

0  1162 

0  1772 

0  1324 

600 

0.1412 

0.1504 

0  2020 

0  1506 

0  1886 

0  1822 

620 

0.1691 

0.1600 

0.2055 

0.1C08 

0  2102 

0  2050 

640 

0.1778 

0.1705 

0  2301 

0  1704 

0  2111 

1  0  2101 

650 

0  1891 

0  1770 

0  2313 

0  1760 

0  2198 

j  0  2359 

660 

0  1897 

0.1790 

0  2356 

0.1790 

0  1956 

j  02442 

670 

0  1657 

0.1810 

0.2250 

0  1818 

0  1957 

.  0  2485 

680 

0  1644 

0.1851 

0  2248 

0  1886 

0.1937 

0  2377 

700 

0  1541 

0.1720 

0.2219 

0  1732 

0  1859 

0  2025 

730 

0.1433 

0.1350 

0.1452 

0  1304 

1 

0  1504 

l 

0  1933 

t 

Use  %«as  made  of  Bergman's  method  of  re^olutior  [4j.  which  he  proposed  for  the  resolution  of  carbobenzoxy- 
d.Heucine. 

Preparation  of  the  anilide  of  carbobcnzoxy-l-aU'.L'-c  5  g  carboberzoxyalaniric  was  dissolved  Ln  25  ml  1  N 
NaOH.  and  addition  was  made  of  45  ml  2  N  sodivm  aceta'e,  75  ml  citrate  buffer.  50  ml  papaine  solution. 

0.075 £  freshly  reduced  cysteine  hydrochloride,  5  g  freshly  distilled  arilire  and  1  ml  glacial  acetic  acid  A 
transnarent.  faint  yellow  solution  was  obtair«ed  which  was  stood  in  a  thermostat  at  37*  After  several  hours 
Hoes  af  the  anilide  appeared  In  the  vessel,  and  a*ter  2  days  the  arrwu^t  was  2  3  g  The  filtrate  from  the 
anilide  was  acidified  with  5  N  HCl  until  acid  toCongo  and  extracted  with  ether  The  etricr  solution  was 
washed  with  water  several  times  to  remove  the  hydrochloric  acid  and  dried  oversight  over  sodium  sulfate, 
after  which  the  ether  was  distilled  yield  3  g  with  m  p  90-100*.  Resolutior  evidently  did  not  proceed  to 
completion. 

3  g  of  this  substance  was  dissolvtd  ir-  i5  ml  1  N  SaO»i.  and  addition  was  made  of  45  ml  citrate  buffer, 

30  ml  papaine  solution,  0,045  g  redjced  cyjtene  and  3  g  freshly  utstilled  aniline.  Alter  standing  for  a  day 
in  the  thermostat,  another  0.5  g  anilide  came  down.  Tne  precipitate  was  filtered  and  the  solution  again 
stood  in  the  thermostat.  After  24  hours,  anc’her  0  4  g  a^t.iide  was  ob^ai'-ed,  making  a  total  of  3  2  g  of  the 
anilide  of  the_l-form  from  5  g  carbobe'zoxy alanine  The  theoretical  yield  was  3  3  g  The  anilide  was 
purified  by  recrystallization  from  alcohol  M  p  159-160*. 

Found  %  N  S  23  CjtH,jO,Nj  Calculated  N  9  05  Specific  rotation  of  a  6  25*50  solution  m  methyl 

.  JO  ""O  8  100 

acetoacetatc  [  oK  =TT7~; —  =-12  8* 

o  24  •  1 

Hydrolysis  of  the  anilide  of  carbobenzoxy-l^alani-^  "Pie  literature  doe^  rjot  contain  any  reference  to 
the  separation  of  the  Inform  by  this  metnod  For  tnis  putpo>e  we  earned  out  ar  acid  hydrolysis: 

I’CHiCHCONHC*!^  ♦  HCl - ►  l<:H,-Cr»COOH  ♦  rtCl  NH|CjHj  ♦  CjM,CH,Cl  ♦  CO^ 

Nii-COOCHjCtHj 

5  g  of  the  anilide  of  carboberzoxy-J^  alanire  was  reiluxed  lot  6  hours  on  the  boiling  water  bath  with  50  ml 
concentrated  HCl  Bobbles  of  gas  came  off  at  ttie  start.  indicati''.g  tr  at  hydrolysis  of  the  carbobenzoxy  group  was 
proceeding  After  30  mir.utes  tne  gdS  cca>ed  'o  be  evolved  and  the  whole  of  the  substance  had  dissolved  in  the 
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acid,  die  solution  acquiring  a  brown  color.  The  odor  of  benzyl  chloride  was  detected.  After  hydrolysis,  the 
solution  was  cooled  and  extracted  twice  with  equal  volumes  of  sLher  for  removal  of  the  benzyl  chloride.  The 
color  of  the  solution  then  became  lighter.  The  aqueous  layer  was  evaporated  in  vacuum,  the  obtained  substance 
was  dissolved  in  the  minimum  amount  of  water  and  the  solution  was  neutralized  with  10^  sodium  carbonate 
solution.  The  aniline  was  then  extracted  with  benzene  and  the  solution  again  evaporated  in  vacuum  to  give 
3.6  g  of  a  yellow  substance.  The  color  disappeared  after  washing  with  alcohol.  The  substance  was  a  mixture 
of  sodium  chloride  and  the  sodium  salt  of  1-alanine. 

The  amount  of  Ijalanine  salt  was  determired  by  formaldehyde  Utration  which  showed  that  the  mixture 
was  one-third  by  we ightj -alanine,  te.  i.2  g.  Yield  85.6^  of  tl^e  theoretical. 

Preparation  of  carbobenzoxy^-alanine  was  carried  out  as  for  racemic  alanine. 

5  g  of  the  mixture  (l^alanlre  and  NaCl),  co.iulnir.g  1,5  g  ^^alariae.  was  talien.  The  reaction  gave  3.1  g 
caibobenzoxy-Wlanine  or  80  6^  of  the  theoretical.  M.p.  84*. 

Specific  rotation  of  a  2.5‘5t  solution  in  methyl  alcohol:  [a^?  =— -•** -  *  “*13*. 

^  0.8-  2.5 

Separation  of  carbobenzoxy-d-alani'^e.  The  mother  liquor  a'ter  remeval  of  th.e  anilide  was  acidified  with 
5  N  HCl  and  extracted  with  ether.  The  ether  layer  was  washed  with  water  ^or  removal  of  the  HCl  and  dried 
widi  sodium  sulfate:  die  ether  was  distilled  in  vacuum. 

Yield  2.2  g  with  m  p  80-84*.  Recrystallization  f-mm  hot  water  gave  1  8  g  with  ro  p  82-84*. 


Caibcbenzoxy-d-ala.nLne  has  not  previously  been  prepared  Bergma.’  gives  a  m  p  of  84*  for  carbobenzoxy- 
b^lanine. 

The  rotation  was  determined  on  a  2.5^  solution  of  the  substance  in  methyl  alcohoL 


[ag 


♦  0.25-100 
0.8-2  5-  1 


=  ♦  12.5*. 


Caiboberzoxy-d-alanlne  does  .not  crystallize  so  readily  as  racemic  cartiobenzoxyalanine.  Crystallization 
requires  a  long  period  and  ir.terse  cooling  Other  properties  are  similar. 


Synthesis  of  alanine  dipeptides^  Bergman's  general  method  was  used.  Alanine  dipeptides  have  not 
previously  been  obtained  by  this  method.  The  principal  difficulties  ir-  performing  d?e  syntheses  were  the 
following; 

I.  The  acid  chlorides  of  the  carbober.zoxy-opticaUy  active  forms  of  alar.ine  have  poor  stability.  The 
ethyl  ether  used  as  solvent  must  be  well  cooled:  likewise  the  petroleum  ether  used  for  removing  the  phosphorus 
oxychloride. 

IL  Carbobenzoxyalanylalanine  has  fairiy  good  solubility  in  water  a'‘d  crga.''ic  lolvents,  and  this  hlixlers 
its  purification  from  phosphoric  acid.  Tne  latter  is  removed  by  dlssolvt-'g  the  carbobirzoxy-dipeitide  in  metbyi 
alcohol,  adding  10<5t  sodium  carbonate  solution  until  alkaline  to  litmus,  evaporating  to  dryness  in  vacuum  and 
working  up  the  residue  with  absolute  methyl  alcohol.  Tlje  sodium  pnosphate  is  filtered  off.  Tne  solution  of  the 
carbobenzoxy-dipeptide  salt  n  methyl  alcohol  is  acidified  witn  2(y’h  hCl  until  acid  to  litmus  ard  ''eutral  to 
Congo  red,  and  again  evaporated  to  drvress;  the  carpoDerzo»y-dipeptide  wa»  du‘Olved  in  methyl  alcohol  and 
filijred  from  the  NaCl,  the  alcohol  was  distilled  off  ar.d  the  carbobenzoxydipepnde  isolated  in  the  free  state 

III.  Reductio-i  of  carboberzoxyalanyl  dipeptides  hardly  pr-xerd-  in  the  coiiditions  recommended  by 
Bergman  Good  results  are  obtair-ed  by  reduction  i".  ao  aqueous  medium;  0  6-0.8  g  r.arboberzoxyalamne 
was  put  into  10  ml  water  and  1  ml  glacial  acetic  acid  Prior  to  reducrior.  this  mixture  was  In  the  form  of  a 
suspension:  with  progressive  reduction  it  gradually  changed  irto  a  transparerit  solution,  teduction  was 
effected  by  pas>irg  a  stream  of  hydroge.n  in  pre>er,ce  cf  palladium  catalyst 

The  fol lowing  were  prepared: 

1)  Racemic  carbobenzoxyalanylalanine  (ar;  oil.  very  soluble  in  crgaitic  solvents  ard  fairly  iOl-,ible  in 
water). 

2)  CaiaObc'.z&.sy;l-ala*yl-l;alariL':e  (an  oil  less  soluole  1.  wa'et  than  t.he  raceiric  carbobcnzcxyalaayl- 
alanine). 
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3)  Caibobeiizox>  -d.Ala::yW-4la:une  (crystals  mcltir-g  at  120*;  slow  crystallization;  poor  solubility  in  water). 

The  alanine  dipeptides  crystallize  with  great  difficulty.  Tripeptides  were  synthesized  starting  from 
aqueous  solutions  of  the  dipeptsdes  (2.cf$i)  in  which  the  ratio  of  total  to  amine  nitrogen  was  determined  by  an 
analytical  method. 

The  theoretical  ratio  of  total  N  to  amine  N  is  2.05.  For  racemic  alanylalanine  the  value  found  was 
2.2:  for  J^^lanyl-l^alanine  2.08;  for  ^-alanyl-^ala^’ine  2.3. 


TABLE  4 

Analysis  of  Tripeptides 


Alanine  tripeptides  were  synthesized  by  Bergman’s  general  method  via  the  carbcbenzo»y  derivatives. 

Carbobenzoxy-tiipeptides  are  obtained 
in  the  form  of  a.*,  oil  with  bener 
solubility  Ln  water  than,  the  c  arbo- 
berzo>y’dtpeptidei.  Pilot  to  reduction, 
trie  protphoric  acid  was  ellmLnated  by 
the  same  metticd  as  was  described 
above  for  carboberzovy -dipeptides. 
Reduc’:lon  was  performed  in  9  ml  water 
4  1  ml  glacial  acetic  acid  until  the 
solutio.n  was  completely  cleared  (1  hr). 
The  catalyst  was  filtered  off  and  the 
f  {  j  solution  evaporated  in  vacuum;  the 

last  uaces  of  water  were  distilled  off 
with  be.nze.ne  a.td  the  trlpeptide  was 

crystallized.  AlanLne  tripepude*  ax  •■xry  soluble  Ln  w4»er’  tr.ey  form  a  susperiior.  Ln  absolute  methyl  alcohol. 


Tripe  pc  ides 

i  Nitrogen^  ! 

Total  N.  amine  N 

!  Total 

Amine  1 

Racemic  alar.ylala.ny!alanLne 

!i8.21 

5^  1 

o.*.  , 

3.27 

1 -Alaryl-l^alanyH -alanl.ne 

16  49 

5.2  1 

3.15 

l;Alanyl-d-alanyM-alanLne 

(16.51 

1 

5.1  j 

3  23 

Calculated  for  C^H^TO^h 

!«18ld  1 

1  6  07  1 

3.23 

Compour^ds  prepared  by  this  route  were  racemic  a'a.".y!ala‘vlalari"-e.  m.p  210*  (with  decotrp  ). 
Wlanyl-l;al/~yH-aUri.ne.  m.p.  280*  (witn  decomp  ),  a’^d  ^ala*>!  d  alaryi;!  a’.ar.ine  m  p  220*  (  with  decomp  ) 


SUMMaRi 

1.  Formation  of  the  buret  ccrrple*  cf  cvicaliy  active  peptides  a'd  proteiris  does  •••ot  lead  to  racemlza* 
lion,  thus  indteatirg  e.noluatior  of  the  peptide  bood>  durit'g  t.ne  biuret  reactlo"  a''d  providing  evidence  of  the 
presence  cf  the  enol  fo.'^m  of  if^e  peperoe  bords  t-  the  strut ture  *T>e  biuret  comple*  of  peptides  e^'d  proteir. 

2.  Formation  of  me  biuret  cerrpie*  p-  rmit*  marten^-.t?.  cf  tne  optical  activity  cf  proxiru  af'd  peptides 
when  exposed  to  the  prolonged  acr.on  o*  t.wsti:  al*.a  i 

3.  The  optical  activity  o*  pep’Ut  -iocj  -  o  e»ftrt  a  .pecitic  ir.0j«*«.e  o.*  'j-e  cr.aracter  of  the  abiorprion 
of  biuret  complexes  in  the  viuble  xgioi  or  tr-  pecn^um. 
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ISOQUINOLINE  COMPOUNDS 


DC  SYNTHESIS  OF  l-[6-<0*METHYL-a-PIPERIDONE)}-2-[r-(3\4’-DlHYDRO-€*.7‘-DIMETHOXYlSOOUINOLYL))- 
ETHANE  AND  OF  THE  ETHYL  ESTER  OF  N-HOMOVEKATRYL-B-METHYL^  PIPERIDONE-A-PROPIONIC  ACID 

L.  1.  Zakharkin  and  N.  A.  Preobrazhensky 


In  connection  with  our  studie*  of  the  synthesis  of  compound  structurally  similar  to  the  alkaloid  emetine, 
we  prepared  l-[6-<0-methyl-n  piperidone)]  2  [l‘-(3’.4*-dir>ydro-€-,7*  dimetlioxyisoquinolyl)>€thane  (I)  and  the 
ethyl  ester  of  N-homoveratryl-fl  mcthyl-«-pipetido.-^-6  propionic  acid  (II)  The  syndiesis  of  these  compounds 
revealed  the  possibility  of  preparation  of  a  compour.d  with  structure  (III),  possessing  one  of  the  formulas 
previously  suggested  for  emeune. 


HjCOf^  I*  '  ,  N  ^;OCH, 

H«CO  N,  y,OCH, 


\  "<|H, 


We  have  previously  shown  (11  however,  that  t>-e  structure  of  emetine  corresponds  to  formula  (III)  and 
not  to  formula  (IV). 

The  synthesis  described  n  this  paper  served  as  a  model  for  the  preparation  of  compounds  required  for 
synthesis  of  compounds  contauiing  the  benzoqulnolizine  grouping.  Compound  (I)  was  synthesized  according 
to  the  following  Kheme: 


COOCjH, 


CCXlCjH, 


H/;OOC-C=CH,  ♦  CHNa  ♦  CiCH,CH|COOC|H* - )  hjCaOC  -CH-CHt-C-CH,-CH,-COOC,H, 

CH,  i:N  CHf 


COOH 

I 

H,COOC-CH  “CH, -C -CH,-CH|  ^OOCj.Hf 
CH,  CN 


H,C  0«?C -C  H-CH|  “C  H -Ci^-Ch|-COOC,H, 

CH,  CN 
(IX) 


H 

I 

O  N 


j  1  i 


H 

1 

V 

O  N 

t  ll 

^OCH, 

..  OCH, 

•  ll 

JoCH, 

|OCH,  * 

i 

1  ^ 

/  V 

'-CHj-CHt-CO 

^  * 

\y 

N 

^  ' 

.xJ 

.PCH, 

JtXH, 

) 

(1) 
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I 

N 


H^C 


/ 


CH|COOC,Ht 


(II) 


The  methyl  ester  of  methacrylic  acid  ('/)  condenses  [2)  with  the  ethyl  ester  of  sodium  cyar.oacetate  and 
the  product  of  reaction,  without  isolation,  is  worked  up  with  the  ethyl  ester  of  B-chloropropioric  acid  (VI).  The 
resultant  ester  of  a-methyl*y-cyano-y-catbethorypimelic  acid  (\'I1)  is  converted  by  hydrolysis  with,  one  equiva¬ 
lent  of  alcoholic  alkali  into  the  mor.oacid  (VIIQ,  which  is  transformed  by  decarboxylation  into  the  ester  of 
a -methyl-7 -cyanopimelic  acid  (IX).  Hydroger.ation  of  the  latter  gives  the  derivative  of  a-piperidone  (X),  and 
this  is  hydrolyzed  with  one  equivalent  of  alcoholic  alkali  to  the  acid  (Xa). 


H|C 


CH,-COO.H 

CH, 


(Xa) 


Heating  of  the  Citer  of  B-methyl-e-piperidore-  6-propionic  acid  (X)  with  homoveratrylamine  (XI) 
gives  the  corresponding  amide  (XII),  which  with  pho^p^orui  oxycr.loride  is  converted  into  a  crystalline  dihydro- 
isoquinoline  derivative  [4]  If  (X)  is  heated  with  B*phe:yiethylami.’'e.  a  crystalU'-e  amide  is  obtained 

It  is  intercstL'ig  to  note  that  hydrolysis  of  the  tricarboxylic  e.ter  (VII)  with  three  equivalents  of  alcoholic 
alkali  gives  the  tricarboxylic  atid  (XIII),  but  or.  decaiboxylatiof*  tr.is  i;  con-erted  rot  Into  a  roethyl-/  -cyano- 
pimelic  acid  but  into  the  isomeric  monobasic  acid  with  the  structure  (XIV)  [3]: 

H<C 


COOH 

I 

H^OOC-CH-CH, -C -t  -C  H, -C  03H 
CH,  CN 

(XIII) 


l&O* 


Acx  COOH 

n 

(XIV) 


Hydrolysis  of  the  ester  of  a  methyl  y  cya'opimelic  ac?d  (IX)  in  presence  of  homoveratrylainine  (XI) 
gives  the  ethyl  ester  of  N-horpoverauyl  Buietnyl  a  piperldone  6  prspio.n’c  acid  [5]  (II). 

EXPERIMENTAL 


1.  Ester  of  g-metpyl-y -cya't?  T  <arbetho»yp:mehc  acid  (V!D  ll  5  g  sodium  is  dissolved  In  l70  rrl  absolute 
aiccbcl  and  to  me  solution,  after  cooh'g  is  added  56  5  g  ethylcyanoaceta’e  To  the  resultart  sodium  derivative  is 
added  50  g  methylmethacrylate  (b  p  93  iOl*)  and  tie  mixture  heated  ‘or  an  hour  on  the  wa^r  bath  After  coolrg. 
slow  addition  is  made  to  the  solution  of  70  g  ethyl  B  chloropropionate.  Aimos*  at  once  precipitation  commc-oces  of 
sodium  chloride  and  much  heat  is  developed  p.ecc>itatlrg  periodic  cooling  wirn  cold  water.  The  solution  is  tiien 
heated  on  the  water  bath  for  two  hour^  u.-^til  duappeara'-ce  of  toe  alkaline  'eaction  to  litmus  The  alcohol  Is 
dutilled  off  in  a  low  vacuum  ard  water  is  added  to  the  residue  to  dissolve  »ne  sodium  chloride  Tse  separattid  oil 
is  extracted  with  berzere  After  removal  of  the  solvent,  rfie  residue  is  di>rJ.ed  B  p.  197-199*  (9  mm)  Yield 
126,5  g  or  ei'Jb  of  me  tneoretfcal.  r|)  1.4503. 

3.220  mg  substarce:  6.800  mg  CC\.  2  140  mg  H,0  5  320  mg  St,b«tance.  0  216  ml  ''j|  (23*.  754  mm) 

Found  C  57  59.  H  7  44,  N  4  64  Ci„ri„OeN.  Calculated  *  C  57  50.  H  7  40.  .N  4  47. 

2  Ester  of  g-meti.yl  y  cya^-opimehc  acid  (IXl  An  alconolic  solution  of  NaOH  Is  prepared  by  dissolving 
3.7  g  sodiu.m  (1  g-a’om)  in  50  mi  absolute  alcohol  arnl  2  9  g  (1  mole)  water.  To  the  solution  Is  added  50  g  of  the 
ester  of  a-tnethyl-y-cya-o  y-carbethoxypimellc  acid  r^eat  is  dcveioped  and  the  solution  acquires  a  vIjcous 
consistency.  On  the  foJowir.g  dair  me  alcot:Ol  i>  dutilled  off  in-vacuuro.  water  is  added  and  me  residue  of 


alcohol  distilled  off  in  vacuum  .  The  unsaponiAed  tricarboxylic  ejtcr  is  extracted  with  benzene  arid  thtaqueoox 
solution  (cooled)  is  acidified  with  dilute  hydrochloric  acid.  The  separated  oil  is  extracted  wtth  edter.  Khct 
drying,  the  ether  is  removed  and  the  residue  of  viscous  oQ  (4C  g)  is  heated  for  40  minutes  at  170-175*  until  carbon 
dioxide  ceases  to  come  off.  After  cooling,  the  mobile  oU  is  dissolved  in  50  ml  benzene  and  the  benzene  solution 
washed  2-3  times  with  5^  NaOH  solution  for  removal  of  acid  impurities.  After  drying,  the  solvent  is  removed  and 
the  residue  fractionated  in  vacuum.  Yield  22  g  (57.2<5t  of  the  theoretical).  B.p.  183-186*  at  14  rom;  n|j  1.4431. 

5  g  unsaponified  ester  is  recovered  unchanged. 

3.345  mg  substance:  7.360  mg  CC^:  2.350  mg  H,0.  5.620  mg  substance:  0.298  ml  N,  (25*.  752  mm). 

Found  •%:  C  60.01:  H  7.86;  N  6.01.  CaHi/)4N.  Calculated  f,:  C  59.71;  H  7.94;  N  5.80. 

3.  Ethyl  ester  of  B-r^ethyl-a-piperidone -6 -propionic  acid  (XI.  autoclave  is  charged  5  g  pyro¬ 

phoric  nickel.  20  ml  absolute  alcohol  and  19.2  g  of  the  ester  of  a-methyl-y-cyaiwpimelic  acid.  Hydrogenation 
is  performed  at  106-110*  and  150-160  atm  for  an  hour.  The  alcoholic  solution  is  filtered  fromcatalyst  aiKl  the 
alcohol  removed  on  the  water  bath.  The  residual  thick  oil  is  distilled  in  vacuum.  B  p.  163-165*  (3  rom). 

Yield  13.7  g  (80.5^  of  theory),  nj)  1.4830.  Colorless,  viscous  oiL 

3.5030  mg  subsur.ee:  7.9530  mg  C(^;  2.6820  mg  H|0  4.4480  rrg  substance:  10.084  mg  CO^; 

3.4070  mg  1^0.  5.910  mg  substa.ice:  0.345  ml  (22*.  755  mm).  Found  C  61.92,  61.83. 

H  8.56.  8.57.  N  6.71,  CijH^PjN  Calculated  V  C  61.93,  H  8  90.  N  6  58. 

When  this  compound  is  saponified  with  one  equivaie.^t  cf  alcoholic  KOH.  6-methyl-a-piperidone-6- 
propionic  acid  (Xa)  is  obtained.  M.p.  (from  alcohol)  159-160*. 

4.965  mg  substance:  0.335  ml  N|  (21*.  750  mm)  4  945  mg  substa.'xe :  0.324  ml  (20*.  751  mm). 

Found  %  N  7.73,  7.54.  C,HuO,N.  Calculated  %  N  7.57. 

4.  Horooveratrylamide  of  6 -methyl -a -pipe  rid  one  6  prcpionic  acid  (XII)  3  g  ethyl  ester  of  0  -meth]d- 
a-piperidone-  u -propionic  acid  and  2.6  g  homoveratrylamire  are  heated  o.n  ar.  oil  bath  at  180-185*  for  4  hours. 

After  cooling,  benzene  is  added  and  *he  mass  dissolves  wher  heated.  While  coolmg.  a  colorless  oil  separates 
from  the  benzene  solution.  The  bcnze.ne  is  decanted  eff  a'^xl  the  product  washed  with  a  fresli  portion  of  berzene. 
Clear,  very  viscous  oil.  Yield  4.5  g  (79.2  ^  of  the  theoretical). 

3,740  mg  substance:  0.276  ml  N|  (24*.  737  mm).  FouthI  N  8  22.  C|yH|,04N|.  Calculated 

N  8.04. 

In  a  sLuilar  manner  from  B-phenyleihylamir.e  is  obuined  the  phcnylethylamide  of  0 -methyl -o-piperidone- 
5 -propionic  acid  in  crystalline  form.  M.p.  (from  alcohol)  162-163*. 

4.051  mg  s'ibitance.  0  346  ml  N,  (18*.  722  mm).  Found ‘Jt.  N  9  52.  Ci,H,40^N,.  Calculated  N  9.71. 

5.  l-[5-(g-Me!hyl-fl-piperido~e)3  2  [!' (3V4*-dihyd:o  6*.7' dimerh-^vviioq-inolylll-ethane  (1).  1. 8  g 
homoveratrylamkie  of  0  methyl -a -pipe ridor.e  6-propicr:c  acid  is  dissolved  by  r.eatr  g  Ir.  30  ml  taluene  and  to 
the  solution  is  added  4  ml  phosphorus  r'.'sychloride.  The  mixare  is  heated  at  the  gentle  boil  for  an  hour.  After 
cooling,  the  s^akly  colored  toluer.e  solutio".  is  decarted  from  the  precipitate.  The  latter  is  washed  occe  with 
ether  arxl  dissolved  in  water  The  aqueous  solution  is  made  alkaii-'e  wi*h  ammonia  and  the  resultant  oil  is 
extracted  with  be.nze.ne  The  benzene  is  distilled  off  in  vac  uum  and  the  solid  reiidue  is  transferred  to  a  filter 
and  wasfied  with  a  little  ether  Yield  1.05  g  (ei.S^Jaof  t'^or,)  M  p  (Aom  benze-’e)  165  5-166  5* 

5.805  mg  substance:  0.438  mi  N,  (25*.  754  mm)  Fcu-.<1  N  8  57  Calculated  %  N  8  48 

6.  g -Methyl- y-cvano-y-carboxypimelic  acid  (XIIl).  Ar.  alcoholic  solution  of  NaOH  Is  prepared  by 
dissolving  2.21  g  (3  g-a*om$)  sodium  ir.  50  ml  abiolute  alconol  ard  1  72  4  (3  moles)  water  To  hhe  solution 
is  added  10  g  (1  mole)  of  the  ester  of  a-methyl-y-cya»-c  v-carboirypimelic  acid.  Hydrolysis  proceeds  with 
corsiderable  heat  development  and  the  viscositv  increa.e*  due  to  -.eparation  o*  me  sodium  salt  After  heating 
on  the  water  bath  for  4  hours.  50  ml  water  it  added  a'xi  tr-e  alcohol  :s  distilled  off  in  vacuum.  The  trar!sparens 
aqueous  solution  is  acidified  with  dilute  hydrocrloric  acid  and  extracted  with  ether.  After  drying,  the  ether  is 
driven  off.  The  .olid  residue  weighs  7  2  g  (92 'It  of  tre  triecreticaiv  After  mcrystallizatior.  from  ether,  the 
m.p.  u  169-170*  (with  decomp.). 

4.250  mg  substarxe:  0.224  ml  (23*.  754  mm).  Fourd  'Jt  N  6  03.  Cj,Ho04N  Calculated 

N5.76. 
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Citboc  dioxide  wxs  evolved  when  7  g  a-njetbyl-y^yeno-y-^arboxypiinclic  xcid  wxs  heated  at  170-180  . 
After  cooling,  die  substance  is  in  the  forro  of  a  light-browa  vitreous  mass.  Yield  5.7  g.  . 

0.2213  mg  substance. Neutralization  9.50  ml  0.1146  N  NaOH.  Found:  M  202.CjHi|O4N.  Calculated:  M  199. 

7.  Ethyl  ester  of  N-honx?veratrvl-  8-methyl-fl-j)iperidqne-6;ptoBionic  acid_£ll^.  10  g  of  the  ester  of 
a -methyl-  y'^yanopimelic  acid  was  hydrogenated  in  presence  of  20  ml  absolute  alcohol.  40  g  homoveratryl- 
a.nine  and  5  g  nickel  catalyst  at  105-110*aTd  150-160  atm.  for  2  hours.  A  strong  odor  of  ammonia  was 
detected  when  the  autoclave  was  opened.  The  catalyst  was  filtered  off  and  the  alcoholic  solution  evaporated 
in  vacuum.  The  residue  was  dissolved  in  100  ml  beraene  and  the  benzene  solution  washed  with  dilute  hydro¬ 
chloric  acid  to  remove  the  excess  of  bomoveratrylamine.  The  berizene  was  distilled  off  and  the  residue  fractionated 
in  vacuum,  ap.  225-229*  at  1  mm.  Yield  3.5  g  (22.9'5fc of  the  theoretical).  The  compound  is  a  light-yellow,  very 
viscous  oiL 

3.670  mg  substance:  8.965  mg  CO^;  2.615  mg  H,0.  •  3.^20  mg  subsur.ee:  7  900  mg  CO^.  2^350  mg 
H|0.  6.790  mg  substance:  0.175  ml  Nj  (22*.  745  mm).  Found  C  66.62,  66.90,  H  8.16,  8.16; 

N  3.84.  Calculated  %:  C  66.80:  H  8.28:  N  3.71. 

SUMMARY 

1.  Synthesis  was  effected  through  a  series  of  suges  of  1- [6 -(6  methyl  a  pipeildor.e))-2-[r-(3’.4'-dihydro- 
6*.7*-dimcthoxyisoqulnclyl)]-etha.^e  and  of  the  ethyl  ester  of  N-homoveratryl-6  methyl  «  pipcridor.e-6  -propionic 
acid,  which  are  the  principal  intermediate  products  in  model  syntheses  of  emetine, 

2.  A  method  is  developed  for  the  preparatlOu  of  the  starting  materials  for  these  compounds:  tne  ester 
of  a-methyl-  y  cyanopimelic  acid  and  the  ester  of  6-methyl  4 -plperldoae- 6 -propionic  acid. 
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ISOQUINOLINE  COMPOUNDS 


X.  SYNTHESIS  OF  l'B-l(N-DECYL)-a*-PIPERIDYL}-ETHYL-€,7-DIMETHOXY-1.2.3.4-TETRAHYDROISOQUINOLINE 
R.  S.  Livshits*.  M.  S.  Baicova.  S.  D.  Kupriyanova  and  N.  A.  Preobrazhensky 


In  view  of  the  valuable  physiological  action  of  the  alkaloid  eroetme.  it  is  undoubtedly  of  interest  to 
prepare  simpler  compounds  containing  the  fundamentals  of  its  structu^'e.  In  this  manner  we  may  elucidate  the 
influence  of  the  individual  stnictural  fragments  of  the  emetir^e  molecule  by  observing  their  physiological 
effects.  We  effected  the  synthesis  of  l-B-l(N-decyl)-3‘-piperldyl}-ethyl-6.7-diroethoxy-l,2.3,4-tetrahydroIso- 
quinoline  (I),  a  compound  whose  structure  differs  from  one  of  tbe  fwroulas  proposed  for  the  natural  alkaloid 
mainly  in  that  the  benzoquinollzine  ring  is  substituted  by  a  piperidine  ring  with  an  aliphatic  radical  attached 
to  nitrogen  and  conuinLng  the  same  number  of  carbon  atoms  as  in  ^  absent  part  of  the  benzoqulnolizine  ring. 
The  synthesis  of  compound  tl)  proceeded  accotaing  to  the  fcllowiig  scheme: 
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(1) 

The  quaternary  salt  (!I),  prepared  by  conder.satior.  of  the  ester  of  fl-(3*pyridyl)-proplonic  acid  with  decyl 
iodide,  is  reduced  in  presence  of  platinjm  oxide  to  tne  ester  B  (S-decyl)-3-piperidyl)-jxopior-ic  acid  (III).  This 
ester  is  heated  with  excess  of  homoveratrylamir-c  (Tv)  at  180-135*  to  gi'-e  fl-(3*.4'-dimedioxyphenyl)-ethylamide- 
fl-l(N-decyl)-3-pipendy!)-propior.ic  acid  (V).  Under  the  actio*'  of  pr.ciphorus  oxychloride  the  amide  (V)  undergoes 
cyclization  to  the  isoquinoline  derivative  (VI),  The  has*"  (Vl)  u  reduced  by  zinc  and  sulfuric  acid  to  l-fl-(i(N- 
decyl)-3’-piperIdyl)ethyl-6.7-dImeihoxyl.2,3.4-tetrar.yd:oi>oqi-i-til.'te  (i).  Treatment  with  an  ethereal  solution 
of  hydrogen  chloride  converts  it  into  the  hydrochloride. 

•  Deceased. 
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Decoiodide  of  B-O-pyridyD-oropionic  ^cid  ethyl  etter  (II).  4.4  g  (1  mole)  of  the  ethyl  ester  of  6 -\3^)yridyl)- 
p.-?ionic  acid  and  7  g  (1.1  moles)  decyl  iodide  are  heated  at  100-105*  and  15  20  mm  for  2  hours.  The  reaction 
mass  “a  yellow  oil  “is  washed  several  tiroes  with  absolute  etber.  Yield  of  quaternary  salt  10.2  g  (92. S  ^  of  die 
theoretical).  Readily  soluble  in  alcohol  and  benzene,  insoluble  in  ether  and  cold  water. 

8.610  rag  subsunce:  0.227  ml  Ni  (18.5*,  747  mm)  8  ^0  mg  subsunce:  0.249  ml  Hg  (19*,  748  ram). 

Found  N  3.00.  3.14.  C„H,4ftNL  Calculated  N3.13. 

Ethyl  ester  of  fl-[fN-decyl)-3-piperidyl]  propionic  acid  (ni>.  A  solution  of  10  g  decoiodide  of  6-(3-pyridyl)- 
propionic  acid  ethyl  ester  in  30  mg  absolute  alcohol  and  I  ml  glacial  acetic  acid  is  hydrogenated  at  0.8  atm 
pressure  over  0  3  g  {Aatinuro  oxide.  Yield  9.2  g  (90.8  ^  of  tfae  theoretical).  Mp.  89*90*.  The  hydroiodide  is  a 
colodess,  crystalline  substance,  soluble  in  alcohol,  benze~e  and  chJoroforro,  insoluble  in  edser  and  water. 

7,900  rog  subsunce:  0.217  ml  Nt  (21  5*.  751.5  mm)  7.355  mg  subsunce:  0.202  ml  N*  (1.5*.  751  mm). 
Found  N  3.11,  3.10.  Calculated  V-  N3.09. 

A  solution  of  9  g  of  the  hydroiodide  in  a  little  dry  chloroform  is  treated  with  chloroform  saturated  widi 
ammonia  while  cooling  Partial  distillation  of  the  chloroform  in  vacuum  and  addition  of  absolute  ether  led  to 
complete  precipitation  of  the  ammo.-,ium  iodide  Yield  5  76  g  (89.2^  of  theory).  The  ester  is  a- colorless 
liquid  with  b.p  194-195*  at  S  mm.  soluble  in  alcohol,  chloroform  and  benzene,  i.nsoluble  in  water. 

ng  1.4639;  d”  0.9131;  Ml^  98.29,  calculated  97  95  3  460  mg  substance:  9.340  mg  COj:  3  710  mg 

HtO.  3.225  mg  substance:  8.715  mg  CO|;  3.505  rog  .HjO  8.135  mg  subsunce:  0.322  ml  Nf  (20* 

745  mm).  6  465  mg  substarce:  0.252  ml  N*  (21*.  743  mm).  Found  %  C  73  61.  73.69,  H  12  0. 

12.15;  N  4.41.  4  34.  C^Hj^N  Calculated  C  73  77.  H  12  08;  N  4  30. 

fl •(3*.4'-Dimethoxyphehyl)-ethylamtde  of  fl  6N-<?ecyl)-3-pipendv!l-propionic  acid  (V).  2  g  (1  mole) 
einyl  ester  of  0-((N-decyl)-3-piperidyI}  propionic  acid.  2.2  g  (2  moles)  6  <3.4d!methox>i»^er  yl)«thylamine 
a.Td  a  few  drops  of  pyridb.e  are  heated  a:  180-185*  for  2  hours  With  coolLng.  the  reaction  mass  is  triturated 
several  times  with  dry  ligroin.  Yieid  of  amide  2  g  (70^)  After  recrystallizatior,  from  berize:.*c  the  m  p.  Is 
89-SO*  Colorless  crystals,  soluble  in  alcohol,  be'zer-e.  hct  gasoil'-^  and  water;  Lnsolub’.e  in  ligroin  a::d  eth-et. 

2  930  mg  substance  7  870  mg  CO|.  2  755  mg  HiO.  4  720  mg  subsunce:  0.255  ml  N|  (23*.  746  mm) 

•  4.535  mg  substance*  0  245  ml  N|  (23*.  746  mm).  Foarid  5*'  C  73  25;  H  10  5;  N  5.98,  6  02. 

ChH4,0,N|.  Calculated  'Jk*  C  72  98.  H  10  51:  N  6  08. 

l-0*t(N-decyl)-3'-piperidvll  ethyl  6  7s3:metho«y  3  4dthydroisoqui^lire  (V!)  2  g  6-(3’.4*-dimethoxy- 
phecsl)-eth>lamide  of  6 -[(N-decy'O-S  pipe'^'dji]  proo'cntc  a<‘sd,  ‘iO  ml  ab‘>olure  tolvere  ard  14  ml  irfiosphorus 
oxychloride  are  heated  at  80*  ’or  2  hcors  Tne  action  irasi  is  woiKed  up  a'd  0  8  g  viscojs,  yellow  oil  is 
isolated  from  the  benzene  extract. 

The  picrate  is  prepared  by  reactrg  a  be’^zet'e  solution  o*  the  base  with  an  ethereal  solution  of  picnc 
acid  M.p  (from  alcohol)  162-163'.  fellow  crystals  read.iy  voluble  in  chloroform,  poorly  soluble  Ir.  alcohol 
acd  cold  water,  insoluble  m  ether. 

2  255  mg  substance:  o  254  ml  ^23*.  742  mm)  2  225  rog  substarce*  0  247  ml  (23*.  741  mm). 

-  Found  N  12  41,  12  33  C,,rt*.0,N|  2C5h,a,N,  Calculated  <5fc-  N  12  44 

1  6-CN'  Pecyl)-3  -pipendyl]  ethvl  6  7dimetr.o»y-l  2.3  4  tetrahvdrcisoquino'.ine  (1)  1  g  1- 6  [n  decyl)- 

3  -piperidyl]-€thyl*6.7  •dimethoxy-3,4'dihyd’oisoqui"oline  wa>  reduced  ir  a  medium  of  30  ml  water,  5  g  zinc 
dust  and  3  ml  sulfuric  acid  (sp  gr  1  84  field  of  reduced  base  0  7  g  (70‘5fc  of  the  th.eoietical). 

Treatment  of  a  benzene  solution'  of  the  ba:'e  witn  a-'  eth.ereai  solution  of  HCl  gave  oil  which  crystallized 
after  rubbing.  The  hydrochloride  is  a  hygroscopic  vabsunce  readUy  soluble  ir.  alcohol,  chloroform  ar.d  water, 
Irsoiublc  in  etber  Mp  155-162*.  deliquesces  at  100-102* 

2.995  mg  substa!--ce  7  095  mg  C'l^.  2  55  mg  H,0.  7  if25  rog  substance.  0.385  ml  Nj  (22*’.  742  mm). 

4  240  mg  subiU'ce.  0  216  ml  (22*.  742  mm)  Foj-d  <%  C  64  61,  H  9  53.  N  5  46  5  64  2HC1 

Calculated  ^  C  64  91;  H  9  35*  N  5  41 


SUMMARY 


1.  The  simplest  enalog  of  the  alkaloid  emetine  was  syndiesized:  l-ft-|[N-decyl)-3*-piperidyl)-ethyl- 
6 . 7-di  me  iho  xy-1 .2 , 3, 4-tet  rahyd  roisoquinoline. 

2.  Methods  were  developed  for  the  preparation  of:  the  decoiodide  of  B-(3*7yridyI)'Pcopionlc  acid 
ediyl  ener:  the  ethyl  ester  of  B-l(N-decyl)-3-piperidyl>propionlc  acid:  fl-(3',4*-diroethoxyphcnyl)-ethyUinide 
of  6“|N-decyl)-3-piperidyl]-propionic  acid:  and  l-6-t(N-decyl)-3’-piperidyl>ethyl-6.7-diii>etboxy-3,4-dihydio- 
isoquinoiuie. 
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